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1.0 INTRODUCTION AND OBJECTIVES
I n t r o d u c t i o n

Based on high l e v e l s of mercury in f i s h t i s sue sample s , C o l o r a d o has l i s t e d Sanchez and
M c P h e e Reservoirs as water q u a l i t y - l i m i t e d waters pursuant to section 3 0 3 ( d ) of the Clean W a t e r
Act (CWA). Narraguinnep Reservoir is currently fed by o u t f l o w f rom McPhee Reservoir and a l so
has elevated mercury concentrations in f i s h tissue.

In J u n e and again in August 1999, f i e l d water, macroinvertebrates, and sediment s a m p l i n g
of Sanchez , McPhee, and Narraguinnep Reservoirs and selected tributaries will be c onduc t ed to
q u a n t i f y po t en t ia l sources of mercury and to s u p p o r t the e s t imation of mercury to ta l maximum
d a i l y l o a d s (TMDLs). F i s h s a m p l i n g will be conducted in Octobeer 1999. The T M D L proces s i s
s p e c i f i e d in the C l e a n Water Act (CWA) for addr e s s ing impairment in water q u a l i t y - l i m i t e d
waters in which technology-based contro l s of point sources are not s u f f i c i e n t to achieve
d e s i g n a t e d uses. The T M D L is s p e c i f i e d as the sum of waste load a l l o c a t i o n s (for po in t sources),
load a l l o c a t i o n s (for nonpo in t sources), and a margin of sa f e ty . For these reservoirs, load
a l l o c a t i o n s and the margin of s a f e t y are relevant. Load a l l o c a t i o n s could i n c l u d e natural
background, seepage and s ed iment s f r o m waste p i l e s and t a i l i n g s f r o m historic mining o p e r a t i o n s ,
atmospheric d e p o s i t i o n , agricultural return f l o w s , eroded soi l s due to grazing and timber
opera t i on s , natural and anthropogenic mercury releases associated with oil and gas o p e r a t i o n s ,
and recyc l ing of mercury f rom s ed iment s in the reservoirs. Ponds with treated e f f l u e n t f r o m a
sewage treatment p l a n t may impact the Dolores River prior to its d i s charge into McPhee
Reservoir during f l o o d i n g . However, this is not thought to be a primary source for mercury.
Another f a c t o r is that McPhee Reservoir is a r e l a t i v e l y new reservoir that f i n i s h e d filling in 1986.
New reservoirs are known to have higher mercury l o a d i n g s for 20 to 30 years a f t e r c o m p l e t i o n
due to f l o o d i n g of vege tat ion and s o i l s , increased a v a i l a b i l i t y and decay of organic matter, and
other f a c t o r s ( B o d a l y , 1984, Brouard et al, 1990; Rosenberg et al, 1997). Many of the ava i lab l e
f i s h s ampl e s were c o l l e c t ed three to f i v e years a f t e r i t s c ompl e t i on . Because of the extensive go ld
mining operat ions that have occurred in the Dolore s River basin and r e su l t s of ava i lab l e s a m p l i n g
data, the reservoir e f f e c t is not thought to be s o l e l y r e s p o n s i b l e for the observed high f i s h mercury
concentrations in McPhee Reservoir. Narragu innep Reservoir is an old reservoir, b u i l t in 1907,
and enlarged in 1956. Prior to 1986, this r e s e r v o i r ' s i n f l o w came f rom a tunnel f r o m the Dolore s
River. In 1986, the i n f l o w was changed to o u t f l o w f r om McPhee Reservoir at Great Cut Dike.

U l t r a - c l e a n water s a m p l i n g w i l l be conducted by trained s t a f f f r o m F r o n t i e r Geosc i ence s in
S e a t t l e , W a s h i n g t o n under the d i r e c t i on of N i c o l a s Bloom, one of the d e v e l o p e r s of these
methods . S e d i m e n t and macroinvertebrate s a m p l i n g will be conducted by F r o n t i e r and T e t r a T e c h
s t a f f . F i s h s a m p l i n g will b e conducted by th e US F i s h and Wild l i f e Service (USFWS) and the
C o l o r a d o Department o f Wild l i f e ( C D O W ) . The procedures f or f i s h s a m p l i n g and analyse s t o b e
used are i n c l u d e d in the a p p e n d i x .



A EPA approved Lab will p e r f o r m T O C , grain size, s u l f a t e , and s u l f i d e analyses on
sediment samples , and m a j o r cations and anions, a lka l in i ty , total d i s s o lv ed s o l i d s (TDS), and
d i s s o l v e d organic carbon (DOC) on water samples . T e t r a T e c h will p e r f orm analyses for to tal
suspended so l id s (TSS) and chlorophyll a in the water samples. A Clas s 100 laboratory will
p e r f o r m the total mercury (Hg) and methyl mercury (MeHg) analyses on the water, s ed iment , and
macroinvertebrate samples . T o t a l mercury analyses on the f i s h t issue sample s will be p e r f o r m e d
by the CDOW laboratory. Cla s s 100 Labs will p e r f o r m total mercury analyses on s p l i t s of at least
10 percent of the f i s h tissue sample s .
McPhee Reservoir Objec t ive s

The overall ob j e c t iv e of the McPhee Reservoir sampl ing e f f o r t i s to s u p p o r t the
d e v e l o p m e n t of a mercury T M D L by q u a n t i f y i n g mercury sources to the reservoir and by
under s tand ing the mercury cycl ing within the reservoir. Q u a n t i f i c a t i o n of the d i s s o l v e d and to ta l
aqueous mercury concentrations in McPhee Reservoir will h e l p q u a n t i f y the load to N a r r a g u i n n e p
and T o t t e n Reservoirs, both of which receive o u t f l o w f r o m McPhee. S p e c i f i c o b j e c t i v e s i n c l u d e
1) the characterization of s e lec ted mining di s charges that could impact tributaries to the Dolore s
or West Dolores Rivers and hence McPhee Reservoir, 2) the characterization of mercury in water
column, macroinvertebrates, and s ed iment s f r om the Dolores River where it d i s charge s to
McPhee, 3) the characterization of the water column and sediments at the treatment p o n d s at the
town of Dolores, 4) determine if r u n o f f f rom nearby o i l / g a s exp lorat ion or operations could
impact the reservoir, and 5) the characterization of the reservoir s ed iment s , macroinvertebrates,
and water quali ty. F i s h will be c o l l e c t ed in the reservoir. A l o n g with a s s i s t ing the T M D L p r o j e c t
described in this p lan, coordinat ion with the US Fish and Wild l i f e Service (USFWS), the
C o l o r a d o Dept. of Wildli fe ( C D O W ) and the C o l o r a d o Dept . of Pub l i c H e a l t h and Environment
(CDPHE) Water Q u a l i t y Control Divis ion should assist t h e s t a t e ' s monitoring program and th e
CDOW f i s h advisory program.
Previous water qua l i ty and sediment s a m p l i n g conducted in the Dolore s River basin in the 1950's
and 60's showed that water q u a l i t y and aquatic b io ta of the u p p e r reaches of this river, n o t a b l y
above the c o n f l u e n c e with S i l v e r Creek, were impac t ed by g o l d / s i l v e r and other t y p e s of hard
rock mining. Recent water q u a l i t y s a m p l i n g was conducted by the US Bureau of Reclamat ion
(USER) and the US G e o l o g i c a l Survey (USGS) in 1989 and 1992; sediment s a m p l i n g was
p e r f o r m e d in 1989 and 1993. W a t e r and sediment s a m p l e s f r o m McPhee Reservoir and s e l e c t ed
tr ibutarie s were c o l l e c t e d in 1994 as part o f the EPA's routine screening under C E R C L A . Fish
s a m p l i n g in McPhee Reservoir was conducted by U S E R in 1988; CDOW in 1989, 1991, and
1993; and by USFWS in 1990; and in the Dolores River in 1989 by the U S E R . Elevated f i s h
mercury concentrations were f ound in some predator f i s h samples . Macroinvertebrates, p l a n t s ,
and algae in the reservoir and selected tributaries in the irrigated areas were c o l l e c t e d and
analyzed for mercury by the USGS in 1989 and 1990. The Rico Mining Distric t is l o ca t ed in the
u p p e r part of the Dolores River Basin, and mercury has been detec ted in mine wastes and seepage
in th i s area, and in water and sediment s a m p l e s f r om several tr ibutarie s and the Dolores River.
The Bear Creek watershed, a tributary to the Dolores River, has c o p p e r d e p o s i t s of the La P l a t a



Mining Dis tr i c t , and has had mining operations. H i s t o r i c a l l y , p lac er mining for go ld has occurred
in the La P l a t a Distric t , which could result in impac t s where the mercury amalgamation proces s
was used. T h i s s ampl ing event in the summer of 1999 should i d e n t i f y the mine discharges that are
a significant source of mercury loading to the reservoir, and determine whether mercury is present
in other tributaries, the main-stem Dolores River, or the West Dolores River. No ultra-clean
s a m p l i n g for mercury of the reservoir or tributaries has been conducted previous ly. The new
s ampl ing data will also determine if there are other s ign i f i can t anthropogenic sources to the
reservoir. T h i s s ampl ing t r ip will provide data needed to characterize m e t h y l a t i o n rates in the
reservoir and the d i s t r i bu t i on of mercury in the reservoir and tributary sediments.
Narragu innep Reservoir Obje c t iv e s

The overall ob j e c t iv e of the Narraguinnep Reservoir s a m p l i n g e f f o r t i s to s u p p o r t the
deve l opmen t of a mercury T M D L by q u a n t i f y i n g mercury sources to the reservoir and by
u n d e r s t a n d i n g the mercury cycl ing within the reservoir. The d i s s o lv ed and to tal aqueous mercury
concentrat ions in the i n f l o w f r o m McPhee Reservoir will be q u a n t i f i e d . Narragu innep was
s u p p l i e d by a tunnel f r o m the Dolores River f r om 1907 until 1986, when the i n f l o w was changed
to o u t f l o w f r om McPhee Reservoir. As di scus sed above, the Dolores River has been impacted by
recent and historical g o l d / s i l v e r mining. S p e c i f i c o b j e c t i v e s in c lude 1) the characterization of
agricul tural di scharges to the reservoir, 2) the characterization of mercury in water column and
sediments in the tributaries to the reservoir, 3) determine if past mining discharges have resulted in
elevated mercury concentrations in sediments , 4) determine if r u n o f f f r om nearby o i l / g a s
e x p l o r a t i o n or operat ions could impact the reservoir, 5) determine if any wet land areas exist a l ong
the reservoir and if so, determine if mercury is pre s ent , and 6) the characterizat ion of the reservoir
s ed iment s , macroinvertebrates, and water quali ty. Fish will be c o l l e c t e d in the reservoir. A l o n g
with a s s i s t i n g the T M D L p r o j e c t described in thi s p lan , coordinat ion with the US F i s h and
W i l d l i f e Service ( U S F W S ) , t h e C o l o r a d o Dept . o f W i l d l i f e ( C D O W ) a n d t h e C o l o r a d o Dept . o f
P u b l i c H e a l t h a n d Environment ( C D P H E ) Water Qual i ty Control Divis ion should assist t h e s t a t e ' s
monitoring program and the CDOW f i s h advisory program.
Previous water qual i ty and sediment s a m p l i n g conducted in the Dolores River basin in the 1950's
and 60's showed that water q u a l i t y and aquatic biota of the u p p e r reaches of this river, n o t a b l y
above the c on f lu enc e with S i l v e r Creek, were impacted by g o l d / s i l v e r and other t y p e s of hard
rock mining. Recent water qual i ty s a m p l i n g was conducted by the US Bureau of Reclamation
(USER) and the US Geolog i ca l Survey (USGS) in 1989 and 1992; sediment s a m p l i n g was
p e r f o r m e d in 1989 and 1993. The Rico Mining Dis tr i c t is located in the u p p e r part of the Dolores
River Basin, and mercury has been de t e c t ed in mine wastes and s eepage in this area, and in water
and sediment samples f rom several tributaries and the Dolores River. The Bear Creek watershed,
a tributary to the Dolores River, has c o p p e r d e p o s i t s of the La P l a t a Mining D i s t r i c t , and has had
mining operat ions . H i s t o r i c a l l y , p l a c e r mining for go ld has occurred in the La P l a t a D i s t r i c t ,
which could result in impac t s where the mercury amalgamat ion proces s was used.



Water qual i ty sampl ing in Narraguinnep Reservoir was conducted by the US Geo log i ca l Survey
(USGS) in 1977 and 1980 and for routine screening under CERCLA by EPA in 1994; soil and
sediment s a m p l i n g was conducted by the USGS in 1990 and sediment only by EPA in 1994. Fish
s a m p l i n g in Narraguinnep Reservoir was conducted by CDOW in 1989. Elevated f i s h mercury
concentrations were f o u n d in some preda tor f i s h samples . T h i s s ampl ing event in the summer of
1999 should characterize the agricultural di scharges and determine if they are a source of mercury
to the reservoir, determine whether elevated mercury concentrations f r o m past mining d i s charge s
are present in sediments, and determine whether mercury is present in the i n f l o w f r om McPhee.
No ul tra-c l ean sampl ing for mercury in the reservoir or tributaries has been conducted previous ly.
T h i s s a m p l i n g t r i p should also prov ide data needed to characterize me thyla t i on rates in the
reservoir and any nearby wetland areas, and the d i s t r i bu t i on of mercury in the reservoir and
tributary sediments .
Sanchez Reservoir Objec t ive s

The overall ob j e c t ive of the Sanchez Reservoir sampl ing e f f o r t is to suppor t the
deve l opmen t of a mercury T M D L by q u a n t i f y i n g sources of mercury l o a d i n g to the reservoir and
by u n d e r s t a n d i n g the mercury cycl ing within the reservoir. S p e c i f i c o b j e c t iv e s i n c l u d e 1) the
characterization of di scharges f rom the Batt l e Mountain G o l d Mine and other nearby abandoned
mines that could impact tributaries to Sanchez, 2) the characterization of mercury in water
column, macroinvertebrates, and s ed iment s f r om the tributaries and an irr igat ion canal l e a d i n g to
Sanchez , 3) the characterization of p o t e n t i a l m e t h y l a t i o n in w e t l a n d s a long Ventero Creek and the
reservoir, and 4) the characterization of the reservoir s ediments , macroinvertebrates, and water
qual i ty. F i s h will be c o l l e c t ed in the reservoir. A l o n g with a s s i s t ing the T M D L p r o j e c t
described in this p lan , coordinat ion with the US Fish and Wildl i f e Service (USFWS), the
C o l o r a d o Dept. o f Wildl i fe ( C D O W ) and C o l o r a d o Dept . o f P u b l i c H e a l t h and Environment
(CDPHE) Water Qual i ty Contro l Division should assist t h e s t a t e ' s monitoring program and th e
CDOW f i s h advisory program.

Previous water qua l i ty and sediment s a m p l i n g was conducted in 1994 for EPA in Sanchez
Reservoir and several tributaries and irrigation canals to the reservoir. Limited water qua l i ty data
were also c o l l e c t e d for EPA in 1992. F i s h s a m p l i n g was conducted by CDOW in 1991 and by
USFWS in 1992, and showed elevated mercury concentrations in many of the f i s h s ampl e s . The
B a t t l e Mountain G o l d Mine is located northeast of the reservoir and di s charge s f r om this mine
may a f f e c t the reservoir via Culebra Creek and Sanchez Canal. Other historic mining opera t i on s
may have occurred in the mountains east of the reservoir. Placer mining for go ld was pract iced
in the northern part of the county in the 1930's, and mercury for amalgamation may have been
used. No ultra-clean s a m p l i n g for mercury of the reservoir or tributaries has been conducted
previous ly. T h i s s a m p l i n g event in the summer of 1999 should determine if mine d i s charge s are a
s i g n i f i c a n t source of mercury l o a d i n g to the reservoir. The new s a m p l i n g data will al so determine
whether irrigation return f l o w or l o g g i n g operat ions are other s i gn i f i can t mercury sources within
the watershed. T h i s s a m p l i n g tr ip should also provide data needed to characterize methyla t ion
rates in the reservoir and associated we t land s and the d i s t r i b u t i o n of mercury in the reservoir and
tributary sediments .



2 . 0 S I T E L O C A T I O N A N D B A C K G R O U N D
McPhee and Narraguinnep Reservoirs are located in Montezuma County in southwestern

C o l o r a d o near the F o u r Corners area. Part of McPhee is within the boundaries of the San J u a n
N a t i o n a l F o r e s t . McPhee Reservoir was c o m p l e t e d in 1986 and is part of the Dolores Irr iga t i on
Proj e c t of the U S E R . Narraguinnep Reservoir was built in 1907 and was enlarged in 1956; the
reservoir is now part of the Montezuma V a l l e y Irr iga t i on Company. The general l o ca t i on of the
three reservoirs is shown in F i g u r e 1. M a p s of the reservoirs and watersheds are prov id ed as
F i g u r e s 2 and 3.

Parts of the Dolores River watershed ( i n f l o w to McPhee and Narragu innep Reservoirs)
have been mined since the 1870's. G o l d , silver, c opper , and other precious me ta l s have been
obtained f r om hard-rock mines in and around the watershed. Elevated mercury l ev e l s f r om
wastes and surface waters near some abandoned and active mines have been documented.
Limited o i l / g a s e xp l ora t i on and operat ions and coal mining have also occurred in the general area
of these reservoirs. Irr iga t ed agriculture and grazing are a major land use around N a r r a g u i n n e p
Reservoir.

Documentation of e levated mercury in f i s h f r om McPhee and Narraguinnep Reservoirs
occurred beginning in 1989, as a result o f f i s h s a m p l i n g in the reservoirs by CDOW and USFWS.
The cause(s) of these mercury prob l ems is currently unknown. The most l i k e l y mercury sources
inc lude: abandoned mines, atmospheric d e p o s i t i o n , natural background f rom mineralized s o i l s ,
irrigat ion return f l o w s , and releases associated with o i l / g a s e x p l o r a t i o n a n d / o r opera t i ons .

Sanchez Reservoir is located in southern C o l o r a d o in C o s t i l l a County. The reservoir was
bu i l t in 1912 by a private irrigat ion company. Ownership was t rans f erred to the S a n c h e z Ditch
and Reservoir C o m p a n y in 1956. Management of the f i s h e r y at the reservoir by CDOW began
in 1978. The reservoir is part of the Sanchez S t a t e Wildlife Area. A map of the reservoir and
nearby watershed is shown in F i g u r e 4.

Recent go ld mining has occurred northeast of Sanchez Reservoir (e.g., the B a t t l e
Mountain G o l d Mine) and d i s charge s f r o m this area may be a f f e c t i n g the reservoir. Other historic
mines for go ld and silver may be present in the mountains east of the reservoir. Plac er mining for
go ld was pract i ced in the northern part of the county in the 1930's, and mercury for amalgamat ion
may have been used. Irr iga t i on return f l o w s also di scharge to the reservoir.

Documentat ion of elevated mercury in f i s h f r om Sanchez Reservoir occurred beginning in
1991, as a result o f f i s h s a m p l i n g in the reservoir by CDOW. The cause(s) of these mercury
prob l ems is currently unknown. The most l i k e l y mercury sources inc lude: abandoned mines,
atmospher i c d e p o s i t i o n , natural background f rom mineralized s o i l s , irr igat ion return f l o w s , and
p o s s i b l y r u n o f f f r om timber cut t ing operat ions . In a d d i t i o n , extensive w e t l a n d s border the m a j o r
i n f l o w i n g tributary to this reservoir and exist along one side of the reservoir. T h u s , in-situ
me thyla t i on of mercury could be s i g n i f i c a n t .



2.1 Previous Inve s t iga t i on s and Regulatory Involvement
McPhee Reservoir

F i s h s a m p l i n g was conducted in 1989 and 1991 by CDOW and by USFWS in 1990 and
1991. A total of twelve f i l l e t s ampl e s were c o l l e c t e d ; mercury tis sue concentrations as wet weight
ranged f r o m 0.11 mg/kg in a 6-12 in long rainbow trout to 0.73 m g / k g in a 12-18 inch l ong
largemouth bass. The average of the 12 s a m p l e s was 0.34 mg/kg. Two largemouth bass and one
black crappi e had tissue concentrations above the state human consumpt ion criteria (0.5 m g / k g ) .
T h i r t e e n who l ebody f i s h s ampl e s were also c o l l e c t ed . The range of mercury t i s sue concentrations
as wet weight was 0.08 m g / k g in a 12-18 Kokanee salmon to 0.68 mg/kg in a 15 inch long
s m a l l m o u t h bass. The lake was l i s t e d as impa ir ed; a f i s h i n g advisory was p o s t e d in 1991.

In 1994, routine screening under CERCLA was conducted by contractors for EPA ( E P A ,
1994a). Three water sample s were co l l e c t ed f r om McPhee Reservoir and eight water s a m p l e s
were c o l l e c t e d f r o m i n f l o w s to the reservoir i n c l u d i n g the Dolores River, Lost Canyon Creek,
Plat eau Creek, Dry Creek, Beaver Creek, and H o u s e Creek. T h e s e s a m p l e s were analyzed for
to tal mercury; all s ampl e s were below the de t e c t i on l imit for total mercury of 0.0002 mg/1.
Sediment s a m p l e s were also c o l l e c t ed at the same time as the water s ampl e s f r o m the same
l o ca t ions . The sediment s a m p l e s were al l below the d e t e c t i o n l imit for t o ta l mercury; d e t e c t i o n
l i m i t s varied f r o m 0.08 m g / k g to 0.14 mg/kg .

Dissolved mercury was analyzed by the USGS in the o u t f l o w f r o m McPhee Reservoir in
1990, but was below the de t e c t i on limit for d i s s o lv ed mercury of 0.0002 mg/L (Butler, et al,
1995). S a m p l e s of the Dolores River were c o l l e c t e d by the USGS at several l o ca t i on s in 1992.

T o t a l mercury was de t e c t ed in the water at concentrations up to 0.00035 m g / L . S e d i m e n t
s a m p l e s were c o l l e c t e d by the USGS in 1989 and 1993 in the Dolores River. The highest t o ta l
mercury concentration was 0.55 mg/kg at one of the tributaries receiving mine di scharges .

Water q u a l i t y s ampl e s were c o l l e c t ed by the USGS f r o m McPhee Reservoir o u t f l o w in
May and August 1990 (Butler et al, 1995). The water had a l k a l i n e pH (8.2 to 8.3), calcium of 40
to 44 m g / L , ch lor ide of 8 to 9 m g / L , and s u l f a t e of 24 to 30 m g / L .

T h e r e are over 400 m i n e s / m i l l s i t e s that have been i d e n t i f i e d in the Dolore s River
watershed. Mercury was de t e c t ed in the water column or sediment at 16 l o ca t i on s a long the
river. More d e t a i l e d in format i on on these mines will be prov ided in the f i n a l version of the report
"Review of Mercury Data and Related I n f o r m a t i o n for Six C o l o r a d o Reservoirs" prepared for t h i s
p r o j e c t .
N a r r a g u i n n e p Reservoir

Fish s a m p l i n g was conducted in 1989 by CDOW. N i n e f i l let s a m p l e s were c o l l e c t e d ;
mercury t i s sue concentrations as wet weight ranged f r o m 0.05 m g / k g in a 24 in l o n g channel
c a t f i s h to 1.2 m g / k g in a 18-24 inch l ong walleye. The average of the nine s a m p l e s was 0.58
mg/kg . Two wal leye and three northern p ike had t i s sue concentrations above the s tate human



consumption criteria (0.5 mg/kg). The range of mercury tissue concentrations as wet weight was
1.2 to 1.6 m g / k g in fillet s a m p l e s and 0.17 to 0.65 m g / k g in wholebody sample s . T h i s reservoir
receives i n f l o w f r om an impaired waterbody (McPhee); a f i s h i n g advisory at Narraguinnep was
po s t ed in 1991. Limited f i s h s a m p l i n g was conducted in 1988 by the U S E R showing elevated
mercury in three f i l l e t sample s .

In 1994, routine screening under C E R C L A was conducted by contractors for EPA (EPA,
1994a). Three water and sediment s ampl e s were co l l e c t ed f r o m Narraguinnep Reservoir and one
water and sediment sampl e f r o m the o u t f l o w f r om McPhee Reservoir were c o l l e c t e d . T h e s e
s a m p l e s were analyzed for to ta l mercury; all s a m p l e s were below the d e t e c t i on limit for to ta l
mercury of 0.0002 mg/1. The sediment s a m p l e s were also below the d e t e c t i on limit for t o t a l
mercury; de t e c t i on l i m i t s varied f r om 0.06 m g / k g to 0.08 mg/kg.

Disso lved mercury was analyzed by the USGS in the o u t f l o w f r om McPhee Reservoir in
1990, but was below the de t e c t ion limit for d i s s o l v e d mercury of 0.0002 mg/L (Butler, et al,
1995). T h i s i s the current i n f l o w to Narraguinnep Reservoir. The previous i n f l o w was f r o m the
Dolores River, which has had de t e c t ed total and d i s s o l v e d mercury, as noted above.

Two water qual i ty s a m p l e s were c o l l e c t ed at the reservoir o u t l e t , one in August 1977
and one in May 1980. T h e s e data show alka l ine pH (6.8 and 8 . 1 ) and calcium of 3.3 and 73
m g / L . Dis so lved iron was measured only in 1977 and was 0.4 m g / L . S e d i m e n t s a m p l e s have not
been c o l l e c t e d f r om the reservoir.
Sanchez Reservoir

F i s h s a m p l i n g at Sanchez was conducted by CDOW in 1991 and 1993 and by USFWS in
1992. All s a m p l e s were f i l l e t s . The mercury f i s h t i s sue concentrations ranged f r om 0.05 m g / k g in
a 6 to 12 inch l ong brown trout to 2.17 m g / / k g in a 17 inch long wal leye. The average mercury
concentrat ions in the 20 s a m p l e s was 0.83 mg/kg. Ten of the sample s exceeded the s tate criteria
of 0.5 m g / k g . The reservoir was l i s t e d as i m p a i r e d ; f i s h advisorie s were set in 1994.

In 1994, routine screening under CERCLA was conducted by contractors for EPA (EPA.
1994b). F o u r water sampl e s f r om the reservoir were c o l l e c t ed for this p r o j e c t and analyzed for
to tal mercury. All the water sampl e s were below the de t e c t ion limit for to ta l mercury of 0.0002
m g / L . Mercury water s a m p l e s were also c o l l e c t e d by the EPA contractors at 14 l o ca t i on s on
t r ibutar i e s to Sanchez for this routine CERCLA screening p r o j e c t . No t o t a l mercury was d e t e c t e d
in any of the aqueous s a m p l e s ; the d e t e c t i on l imit for to ta l mercury was 0.0002 m g / L . S e d i m e n t
s a m p l e s were c o l l e c t e d f r om the same lo ca t i on s as the water s a m p l e s and at the same time. All
the sediment s a m p l e s also had no de t e c t ed to ta l mercury. However, d e t e c t i o n l i m i t s for t o ta l
mercury varied f r om 0.11 to 0.26 m g / k g dry weight.



Up to six water quality s ampl e s were co l l e c t ed f r om the reservoir, but only a few
parameters of interest to this inve s t iga t i on were measured. The water was a lka l ine (pH of 8.6 to
9.2, a lka l in i ty of 84 to 88 m g / L ) and had total iron of 0.019 to 0.17 mg/L and c h l o r o p h y l l a. of
0.002 to 0.06 m g / L .

Recent go ld mining occurred in the mountains northeast of the reservoir and historic go ld
mining may have occurred east of Sanchez Reservoir. The nearest mine that may a f f e c t the
reservoir is Bat t l e Mountain G o l d Mine. Routine screening under CERCLA was conducted by
EPA contractors at this mine in 1995 (EPA, 1995). The highest to tal mercury concentration of
0.0013 mg/1 was measured in mine wastewaters in a sample co l l e c t ed on 9 / 1 3 / 9 1 f r om the on-site
leachate c o l l e c t i o n pond. Quarterly s a m p l i n g data of surface waters and groundwaters on and
near the mine are also available f r om the C o l o r a d o Division of Mines and G e o l o g y f r o m 1991 to
March 1999. Elevated to tal mercury concentrations have been detec ted in surface waters and
groundwaters at the mine site. For e xampl e , total mercury was detec ted in s a m p l e s f r o m the Rito
Seco River co l l e c t ed in July 1993 at a concentration of 0.0004 mg/1 on the mine p r o p e r t y and at
0.0005 mg/1 at a lo ca t ion on the downstream p r o p e r t y boundary ( C D M G , 1994). Two
groundwater sampl e s c o l l e c t ed in the summer of 1994 f r o m two downgradient w e l l s near the
mine had to tal mercury concentrations up to 0.0005 mg/1 ( C D M G , 1994). The Rito Seco River
does not d i s charge d i r e c t l y into the Sanchez Reservoir, but these data are ind i ca t or s that mercury
has a f f e c t e d nearby surface and ground waters.



3.0 MAPS AND FIGURES
Figure 1: General location of reservoirs investigated
F i g u r e 2: Regional locat ion map of Dolores River Basin
F i g u r e 3: Map of McPhee and Narragu innep Reservoirs
F i g u r e 4: Map of Sanchez Reservoir and Vic in i ty
(see A t t a c h m e n t 1)
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4.0 SAMPLING PLAN

4.1 MCPHEE RESERVOIR WATERSHED SAMPLING
Mercury s a m p l i n g within the watershed will inc lude water and sediment s a m p l i n g of

p o t e n t i a l mercury sources inc luding mine di scharges , an old dump site, a former s u l f u r i c acid
p r o d u c t i o n p l a n t , and sewage treatment p o n d s ; small tributaries where mercury has been de t e c t ed
in past s a m p l i n g , and the two rivers p r o v i d i n g f l o w to McPhee Reservoir. All of these water and
sediment s a m p l e s will be analyzed for to tal mercury and p a r t i c u l a t e mercury in order to
characterize the m a j o r mercury sources within the watershed. T o t a l organic carbon (TOC)
content and grain size will also be measured to h e l p d e f i n e the m e r c u r y ' s m o b i l i t y and d i s t r i b u t i o n
within the watershed. S u l f i d e s will be analyzed in the sediment to determine extent of mine inpu t
and redox condit ions. It is e s t imated that 17 to tal mercury, T O C , s u l f i d e , and grain size sediment
s a m p l e s will be co l l e c t ed for source characterization purpo s e s . An es t imated 17 water s a m p l e s
will be co l l e c t ed and analyzed for total mercury, m a j o r cat ions/anions, a lka l in i ty , total d i s s o l v e d
s o l i d s , and to tal su spended s o l i d s . Field measurements in the water s ampl e s wil l i n c l u d e pH,
conduc t iv i ty , t emperature , t u r b i d i t y , redox p o t e n t i a l , and d i s s o l v e d oxygen. T h i s number ( 1 7 )
was arrived at by reviewing the past s a m p l i n g data and in format ion on mines and other sources.
The s a m p l i n g l o ca t i on s i n c l u d e three mine drains, an old d u m p site, a former s u l f u r i c acid
product ion p l a n t , sewage treatment e f f l u e n t ponds , f i v e tributaries where mercury has been
de t e c t ed in the past ( H o r s e Creek, Deadwood Creek, Rio Lado , Garrison Canyon, and Lost
Canyon), Bear Creek where past mining occurred, three s a m p l e s on the main-stem of the Dolores
River, and two on the West Dolores River. T h e s e l o ca t ions are shown in F i g u r e 5 ( A t t a c h m e n t
1).

4 . 2 M C P H E E R E S E R V O I R S A M P L I N G
Water and sediment s a m p l e s wi l l be c o l l e c t e d at f o u r l o ca t i on s shown in F i g u r e 6 to h e l p

characterize the mercury cyc l ing and the mercury d i s t r i b u t i o n in McPhee Reservoir. Water
s a m p l i n g will precede sediment s a m p l i n g because sediment s a m p l i n g may re-suspend s ed imen t s
into the water column. A separate sediment s ampl e of the top 5 cm will be c o l l e c t ed to obtain
macroinvertebrates f r om the Dolores River above the treatment p o n d s and at the inlet to the
reservoir, the sha l l ow area near the Hous e Creek in l e t , and the s h a l l o w reservoir area near the
inlet on the northern side of the reservoir.
4.2.1 Water
General Water Quali ty

At the f o u r reservoir s a m p l i n g l o ca t i on s , shown in F i g u r e 6, and in f r o n t of the dam,
d i s s o l v e d oxygen (DO), temperature, pH, t u r b i d i t y , redox p o t e n t i a l , and c o n d u c t i v i t y p r o f i l e s wi l l
be measured and recorded to determine if the reservoir is s t r a t i f i e d into d i s t i n c t layers ( e p i l i m n i o n ,
hypo l imnion). Ins t rumen t s will be calibrated pr ior to use each day. S a m p l e s for general water
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qual i ty parameters will be co l l e c t ed f r om approx . 1 f o o t above and below the ep i l imnion and
hypo l imnion interface. General water quali ty parameters will inc lude: cations, anions, a l k a l i n i t y ,
total su spended s o l i d s (TSS), total d i s s o lv ed s o l i d s (TDS), d i s s o lv ed organic carbon (DOC), and
c h l o r o p h y l l a.
Mercury

U n f i l t e r e d water sampl e s for total mercury and p a r t i c u l a t e mercury will be c o l l e c t e d at the
f o u r l o ca t ions in the reservoir f r o m approx . 1 f o o t above and below the e p i l i m n i o n / h y p o l i m n i o n
in t er fac e . Sinc e mercury in the water column is expec t ed to be in very low concentrat ions , the
c o l l e c t i o n of these water s a m p l e s wil l require ultra-clean s a m p l i n g techniques, and the analyt i ca l
method for these water s a m p l e s will have a de t e c t i on limit of 0.2 x 10"9 mg/L or less. W a t e r
s a m p l e s will also be c o l l e c t ed and f i l t e r e d in the f i e l d using (<0.45 /xm pre-cleaned filters) for
analys i s of d i s s o lv ed mercury.
Methyl Mercury

U n f i l t e r e d M e H g and sampl e s will be c o l l e c t ed at the same f o u r l o ca t i on s j u s t below
( a p p r o x . 1 f o o t ) the oxic-anoxic boundary in the water column and 1 f o o t below the water
surface . Again, since mercury in the water column is expec ted to be in very low concentrations,
the c o l l e c t i o n of these water s a m p l e s will require ul tra-c lean s a m p l i n g techniques, and the
analyt ical method for these water s a m p l e s will have a d e t e c t i on limit of 0.2 x 10"9 mg/L or less .
Extra water sampl e s will also be c o l l e c t ed at each of the reservoir s a m p l i n g l o ca t i on s and f i l t e r e d
using pre-cleaned (<0.45 / jm pre-cleaned f i l t e r s ) f o r analys i s o f d i s s o l v e d M e H g .
4.2.2 S e d i m e n t

After the water s a m p l e s are c o l l e c t e d , sediment grab or core s a m p l e s will be taken f r o m
f o u r d i f f e r e n t l o c a t i o n s , d e p e n d i n g on the d e p t h and bo t t om type . Each grab sampl e w i l l be of the
top 2 cm of sediment. If f l o e is present above the s ed iment , a p u m p wil l be used to c o l l e c t thi s
material. All sediment s a m p l e s will be analyzed for total mercury, methyl mercury, T O C , grain
size, s u l f i d e , s u l f a t e , and pH. The pH will be measured in the f i e l d immed ia t e ly a f t e r sediment
c o l l e c t i on .
4.2.3 Macroinvertebrates

A separate sediment s ampl e of the top 5 cm wil l be c o l l e c t e d to obtain macroinvertebrates
f r o m the Dolores River above the treatment p o n d s and at the inlet to the reservoir, the s ha l l ow
area near the H o u s e Creek inlet, and the s h a l l o w reservoir area near the inlet on the northern s ide
of the reservoir. The sediment s a m p l e s will be c o l l e c t e d using an Eckman Grab and then screened
to obtain the macroinvertebrates. In the stream s e t t ing s , a drift net will also be used to capture
any di s turbed animals or f l o a t i n g insects. The f o u r macroinvertebrate s a m p l e s wi l l be analyzed for
to ta l mercury. T o t a l biomass weight and moisture content wi l l al so be de termined.
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4 . 3 N A R R A G U I N N E P R E S E R V O I R W A T E R S H E D S A M P L I N G
Mercury sampl ing within the watershed will include water and sediment s a m p l i n g of

po t en t ia l mercury sources i n c l u d i n g the i n f l o w f r om McPhee Reservoir, two small tributaries , and
a nearby irrigation canal. T h e s e water and sediment sampl e s will be analyzed for t o ta l and
p a r t i c u l a t e mercury in order to characterize the l o a d i n g f rom these p o t e n t i a l mercury sources.
T o t a l organic carbon (TOC) content and grain size will be measured in the sediment s a m p l e s to
h e l p d e f i n e the m e r c u r y ' s mobi l i ty and d i s t r i bu t i on within the watershed. S u l f i d e s will be analyzed
in the sediment to determine extent of mine input and redox condi t ions . It is e s t imated that f o u r
total mercury, T O C , s u l f i d e , and grain size sediment sample s will be c o l l e c t ed for source
characterization purpose s . An est imated f o u r water s a m p l e s will be c o l l e c t e d and analyzed for
t o ta l mercury, m a j o r ca t ions/anions , a lka l in i ty , total d i s s o lv ed s o l i d s , and to ta l s u s p e n d e d s o l i d s .
Field measurements in the water sampl e s will inc lude pH, conduct ivi ty, t emperature, t u r b i d i t y ,
redox p o t e n t i a l , and d i s s o lv ed oxygen. T h i s number (4) was arrived at by reviewing the
watershed map and in f ormat i on on other sources. The s a m p l i n g l o ca t i on s inc lude the i n f l o w f r om
McPhee Reservoir, two small tributaries draining agricultural areas, and a nearby irrigation canal.
T h e s e l o ca t i on s are shown in F i g u r e 7 (Attachment 1).

4 . 4 N A R R A G U I N N E P R E S E R V O I R S A M P L I N G
Water and sediment s a m p l e s will be c o l l e c t ed at f o u r l o ca t i on s in the reservoir, al so

shown in F i g u r e 7, to h e l p characterize the mercury cycl ing and the mercury d i s t r i b u t i o n in
Narraguinnep Reservoir. Water s a m p l i n g will precede sediment s a m p l i n g because sediment
s a m p l i n g may re-suspend sediments into the water column. A separate sediment s a m p l e of the
top 5 cm will be c o l l e c t ed to obtain macroinvertebrates at the i n f l o w f r om McPhee Reservoir, the
larger of the two in l e t s in the agricultural area, and the s ha l l ow reservoir area near the inlet f r o m
McPhee.
4.4.1 Water
General W a t e r Q u a l i t y

At the f o u r locat ions in the reservoir, shown in F i g u r e 7, and in f r o n t of the dam, d i s s o l v e d
oxygen (DO), temperature, pH, t u r b i d i t y , redox p o t e n t i a l , and c onduc t iv i ty p r o f i l e s will be
measured to determine if the reservoir is s t r a t i f i e d into d i s t in c t layers ( e p i l i m n i o n , h y p o l i m n i o n ) .
S a m p l e s for general water qua l i ty parameters wil l be c o l l e c t ed f r om approx . 1 f o o t above and
below the ep i l imnion and hypo l imnion in t er fac e . General water q u a l i t y parameters wi l l i n c l u d e :
cations, anions, a l k a l i n i t y , t o ta l s u s p e n d e d s o l i d s ( T S S ) , to ta l d i s s o l v e d s o l i d s ( T D S ) , d i s s o l v e d
organic carbon (DOC), and c h l o r o p h y l l a.
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Mercury
U n f i l t e r e d water sampl e s for total mercury and par t i cu la t e mercury will be co l l e c t ed at the

f o u r l o ca t i on s f r om approx . 1 f o o t above and below the e p i l i m n i o n / h y p o l i m n i o n in t er fac e . S i n c e
mercury in the water column is expected to be in very low concentrations, the c o l l e c t i o n of these
water s a m p l e s will require ultra-clean s a m p l i n g techniques, and the analytical method for these
water s a m p l e s will have a de t e c t i on limit of 0.2 x 10"9 mg/L or less. Water s ampl e s will also be
c o l l e c t ed at each reservoir sampl ing lo ca t ion and f i l t e r e d in the f i e l d using (<0.45 /xm pre-cleaned
f i l t e r s ) f or analys i s o f d i s s o l v e d mercury.
Methyl Mercury

U n f i l t e r e d M e H g s a m p l e s wil l be c o l l e c t ed at the same f o u r l o ca t ions j u s t below ( a p p r o x .
1 f o o t ) the oxic-anoxic boundary in the water column and 1 f o o t below the water surface . Again ,
since mercury in the water column is expec ted to be in very low concentrations, the c o l l e c t i o n of
these water sampl e s will require ul tra-c l ean s a m p l i n g techniques, and the analyt i cal method for
these water s a m p l e s will have a d e t e c t i on limit of 0.2 x 10"9 mg/L or less. Extra water s a m p l e s
wil l also be c o l l e c t ed at each of the reservoir s a m p l i n g l o ca t i on s and f i l t e r e d using pre-cleaned
(<0.45 /xm pre-cleaned f i l t e r s ) for ana ly s i s o f d i s s o l v e d M e H g and p a r t i c u l a t e Hg.
4.4.2 S e d i m e n t

After the water s a m p l e s are c o l l e c t e d , sediment grab or core s a m p l e s will be taken f r o m
three d i f f e r e n t l o ca t ions , d e p e n d i n g on the d e p t h and bot tom t y p e . Each grab s a m p l e will be of
the top 2 cm of reservoir sediment. If f l o e is present above the s ed iment , a p u m p wil l be used to
c o l l e c t this material. All sediment s a m p l e s will be analyzed for t o ta l mercury, methyl mercury,
T O C , grain size, s u l f a t e , s u l f i d e , and pH. The pH wi l l b e measured in the f i e l d i m m e d i a t e l y a f t e r
sediment co l l e c t i on .

4.4.3 Macroinvertebrates
A separate sediment s a m p l e of the top 5 cm will be c o l l e c t e d to obtain macroinvertebrates

at the i n f l o w f r o m McPhee Reservoir, the larger of the two in l e t s in the agr i cu l tural area, and the
s h a l l o w reservoir area near the inlet f r om McPhee. The sediment s a m p l e s will be c o l l e c t e d using
an Eckman Grab and then screened to obtain the macroinvertebrates. In the stream s e t t ing s , a
drift net wil l also be used to capture any di s turbed animals or f l o a t i n g insects . The f o u r
macroinvertebrate sampl e s will be analyzed for to tal mercury. T o t a l biomass weight and moisture
content wi l l also be determined.
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4 . 5 S A N C H E Z R E S E R V O I R W A T E R S H E D S A M P L I N G
Mercury sampl ing within the watershed will include water, macroinvertebrates, and

sediment sampling of potential mercury sources including two locations on Ventero Creek, eight
tributaries - Culebra, V a l l e j o s , San Franc i s co , T o r i c i d o , J a r o s o , Cuntes, and W i l l o w creeks, a
seep to Sanchez Canal north of San Franci s co Creek, a mine drainage canal f r o m the B a t t l e
Mountain G o l d Mine, and Sanchez Canal. Three wetland sampl e s will also be c o l l e c t e d . The
l o ca t i on s of these s a m p l i n g p o i n t s are shown in F i g u r e 8. T h e s e water, macroinvertebrates, and
sediment sampl e s will be analyzed for to ta l mercury in order to characterize the l o a d i n g f r o m
these p o t e n t i a l mercury sources. T o t a l organic carbon (TOC) content and grain size will be
measured in the sediment s a m p l e s to h e l p d e f i n e the m e r c u r y ' s mob i l i ty and d i s t r i b u t i o n within the
watershed. S u l f i d e s will also be analyzed in the sediment to determine extent of mine input and
redox condi t i on s . It is e s t imated that thirteen total mercury, T O C , s u l f i d e , and grain size sediment
s a m p l e s will be c o l l e c t ed for source characterization purpose s . An est imated thirteen water
s a m p l e s will be co l l e c t ed and analyzed for to tal mercury, pani cu la t e mercury, m a j o r
ca t i on s /an ion s , a lka l in i ty , t o ta l d i s s o l v e d s o l i d s , and to tal su spended s o l i d s . Fie ld measurements in
the water sampl e s will include pH, conduct ivi ty, t emperature , t u r b i d i t y , redox p o t e n t i a l , and
d i s s o l v e d oxygen. S u r f a c e water and porewater f r o m three l o c a t i o n s in the w e t l a n d s along
Ventero Creek will be c o l l e c t ed and analyzed for T O C , DOC, and the above water parameters.
The to ta l number of s a m p l e s ( 1 6 ) was arrived at by reviewing the watershed map and i n f o r m a t i o n
on mining and other sources. The sampl ing locations include the i n f l o w f r om Ventero Creek, all
the tributaries to the reservoir and a nearby irrigation canal and mine di s charge canal. T h e s e
l o ca t i on s are shown in F i g u r e 8 (Attachment 1).
4 . 6 S A N C H E Z R E S E R V O I R S A M P L I N G

Water and sediment s a m p l e s wil l be c o l l e c t e d at three l o ca t i on s in the reservoir, a l so
shown in F i g u r e 8, to h e l p characterize the mercury cyc l ing and the mercury d i s t r i b u t i o n in
Sanchez Reservoir. Water s a m p l i n g will pr e c ede sediment s a m p l i n g because sediment s a m p l i n g
may re-suspend s ediment s into the water column. A separate sediment s a m p l e of the top 5 cm
wil l be c o l l e c t e d to obtain macroinvertebrates at the i n f l o w f r o m Ventero Creek, the eight
tributaries , and the sha l l ow reservoir area near the inlet f r o m Sanchez Canal.
4.6.1 Water
General Water Qual i ty

At the three l o c a t i o n s in the reservoir, shown in F i g u r e 8, and in f ron t of the dam,
dis so lved oxygen (DO), temperature, pH, turbidi ty, redox p o t e n t i a l , and conductivity p r o f i l e s will
be measured to determine if the reservoir is s t r a t i f i e d into d i s t in c t layers ( e p i l i m n i o n ,
h y p o l i m n i o n ) . S a m p l e s for general water q u a l i t y parameters will be c o l l e c t e d f r o m a p p r o x . 1
f o o t above and below the ep i l imnion and hypo l imnion inter face . General water q u a l i t y parameters
will in c lude: cations, anions, a l k a l i n i t y , total s u s p e n d e d s o l i d s ( T S S ) , to tal d i s s o l v e d s o l i d s ( T D S ) ,
d i s s o l v e d organic carbon (DOC), and c h l o r o p h y l l a.
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Mercury
U n f i l t e r e d water sample s for total mercury will be c o l l e c t ed at the same f o u r l o ca t ions in

the reservoir f rom approx. 1 f o o t above and below the e p i l i m n i o n / h y p o l i m n i o n inter face . S i n c e
mercury in the water column is expec ted to be in very low concentrations, the c o l l e c t i o n of these
water sampl e s will require ultra-clean sampl ing techniques, and the analytical method for these
water sampl e s will have a de t e c t i on limit of 0.2 x 10"9 mg/L or less. Water s ampl e s wil l also be
c o l l e c t ed and f i l t e r e d in the f i e l d using (<0.45 /im pre-cleaned f i l t e r s ) for analys i s of d i s s o l v e d
mercury.
Methyl Mercury

U n f i l t e r e d M e H g s a m p l e s will be c o l l e c t ed at the same f o u r l o ca t i on s j u s t below ( a p p r o x .
1 f o o t ) the oxic-anoxic boundary in the water column and 1 f o o t below the water surface. A g a i n ,
since mercury in the water column is expec t ed to be in very low concentrations, the c o l l e c t i o n of
these water sampl e s will require ultra-clean s a m p l i n g techniques, and the analytical method for
these water sampl e s will have a de t e c t ion limit of 0.2 ng/L or less. Extra water s a m p l e s will al so
be c o l l e c t ed and f i l t e r e d using pre-cleaned (<0.45 /im pre-cleaned f i l t e r s ) for analys i s of d i s s o l v e d
M e H g .
4.6.2 S e d i m e n t

After the water sampl e s are c o l l e c t e d , sediment grab or core s a m p l e s will be taken f r o m
three d i f f e r e n t l o ca t ions , d e p e n d i n g on the d e p t h and bot tom type . Each grab sampl e wil l be of
the top 2 cm of sediment. If f l o e is present above the sediment, a p u m p will be used to c o l l e c t th i s
material. All sediment s a m p l e s will be analyzed for to tal mercury, methyl mercury, T O C , grain
size, s u l f i d e , s u l f a t e , and pH. The pH wil l be measured in the f i e l d i m m e d i a t e l y a f t e r sediment
c o l l e c t i o n .
4.6.3 Macroinvertebrates

A separate sediment sampl e of the top 5 cm will be c o l l e c t e d to obtain macroinvertebrates
at the i n f l o w f r o m Ventero Creek, the eight tributaries l i s t e d above, and the sha l l ow reservoir area
near the inlet f r om Sanchez Canal. The sediment s ampl e s will be c o l l e c t e d using an Eckman Grab
and then screened to obtain the macroinvertebrates. In the stream s e t t i n g s , a drift net wi l l also be
used to capture any di s turbed animals or f l o a t i n g insects. The ten macroinvertebrate s a m p l e s w i l l
be analyzed for total mercury. T o t a l biomass weight and moisture content wil l also be
determined.

16



5.0 R E Q U E S T FOR ANALYSES
M e t h o d s s e lec ted below will provide the required precision, accuracy, and de t e c t i on l i m i t s to meet
the o b j e c t i v e s of this p r o j e c t . A l s o f i e l d measurements will be p er f ormed by q u a l i f i e d i n d i v i d u a l s
with calibrated instruments and within a p p r o p r i a t e hold times.

T a b l e 1. Summary of sampl ing, analytical labs, and analytical methods

parameter

McPhee Reservoir
W a t e r s h e d
water
major constituents**total H g ( u n f i l t . )paniculate H gdi s s o lv ed H g ( f i l t . )
s ed iment stotal H g
TOCgrain size
s u l f i d e

# o f
s a m p l e s

17
17
17
17

17
17
17
17

a n a l y t i c a l laboratory

Clas s 100 LabClas s 100 LabC l a s s 100 LabC l a s s 100 Lab

Class 100 LabClas s 100 LabClas s 100 LabClas s 100 Lab

analyt i ca l method

See f o o t n o t e a
EPA 1631, 0.2 ng/L (pp t r i l l i o n )
EPA 1631, 0.2 ng/L (pp t r i l l i o n )
EPA 1631, 0.2 ng/L (pp t r i l l i o n )
EPA 1631, 0.2 ng/L (pp t r i l l i o n )

EPA 1631, DL=0.5 n g / g (ppb)EPA 9060 m o d i f i e d for s o l i d s
A S T M D 4 2 2 - 6 3
S W M M 4 5 0 0 - S 2 '
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McPhee Reservoir
water
p r o f i l e *

major constituents**
T S S
c h l o r o p h y l l a
total H g ( u n f i l t . )paniculate H gdis solved H g ( f i l t . )
total M e H g ( u n f i l t . )di s so lved M e H g ( f i l t . )
s ediment s
total H gM e H gs u l f a t es u l f i d e
TOCgrain size
pH (field meas.)
macroinvertebratestotal Hg

N a r r a g u i n n e pReservoir W a t e r s h e d
water
p r o f i l e *
major constituents**
total H g ( u n f i l t . )paniculate H g
dis so lved H g ( f i l t . )
s ed iment s
total H g
s u l f i d e
TOCgrain sizepH (field meas.)

m u l t i p l edep th s
8
8
88
8
8
88

4
4
4
4
4
4
4

4

m u l t i p l e
dep th s
4
44
4

4
4
4
4
4

f i e l d measurements

Class 100 Lab
Tetra TechTetra TechClas s 100 LabClass 100 LabClas s 100 LabClas s 100 LabClass 100 Lab
C l a s s 100 Lab
Clas s 100 LabClas s 100 LabClas s 100 LabC l a s s 100 Labf i e l d measurementsf i e l d measurements

C l a s s 100 Lab

f i e l d measurements

C l a s s 100 Lab
C l a s s 100 LabClas s 100 Lab
Class 100 Lab

C l a s s 100 LabClass 100 Lab
Class 100 LabC l a s s 100 Labf i e l d measurements

~

see f o o tno t e bEPA Method 160.2
SM 10200 H
EPA 1631, DL = 0.2 ng/L (pp t r i l l i o n )
E P A 1 6 3 1 , D L = 0 .2 ng/L (pp t r i l l i o n )
EPA 1631, DL = 0.2 ng/L (pp t r i l l i o n )
EPA 1631, DL = 0.2 ng/L (pp t r i l l i o n )
EPA 1631, DL = 0.2 ng/L (pp t r i l l i o n )
EPA 1631, DL = 0.5 n g / g ( p p b )
EPA 163 1, DL = 0.02 n g / g ( p p b )
EPA Method 300.0
S W M M 4 5 0 0 - S 2 '
EPA 9060 m o d i f i e d for s o l i d s
A S T M D422-63

EPA 1631, DL = 0.5 n g / g (dry wt)

-

see f o o t n o t e a
EPA 163 1, DL = 0.2 n g / L (pp t r i l l i o n )
EPA 1631, DL = 0.2 n g / L (pp t r i l l i o n )
EPA 163 1, DL = 0.2 ng/L (pp t r i l l i o n )

EPA 163 1, DL = 0.5 n g / g ( p p b )
EPA Method 300.0
EPA 9060 m o d i f i e d for s o l i d s
A S T M D422-63
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N a r r a g u i n n e p
Reservoir
water
p r o f i l e *

major constituents**T S Sch l orophy l l a
total H g ( u n f i l t . )pani cu la t e H gdissolved H g ( f i l t . )total M e H g ( u n f i l t . )dis solved M e H g ( u n f i l . )
sedjmentstotal H g
M e H gs u l f a t es u l f i d e
TOCgrain sizepH (field meas.)
Macroinvertebrates
Tota l H g

m u l t i p l ed e p t h s

888
8
88
8
8

4
4
4
4
4
4
4

4

f i e l d measurements

Clas s 100 LabTetra TechTetra TechClas s 100 Lab
Clas s 100 LabClas s 100 LabClas s 100 LabClass 100 Lab

Clas s 100 LabCla s s 100 Lab
Clas s 100 LabC l a s s 100 LabC l a s s 100 Lab
Cla s s 100 Labf i e l d measurements

Class 100 Lab

-

see f o o t n o t e b
EPA Method 160.2
SM 10200 H
EPA 1631, DL = 0.2 ng/L (pp t r i l l i o n )
EPA 1631, DL = 0.2 n g / L (pp t r i l l i o n )
EPA 1631, DL = 0.2 ng/L (pp t r i l l i o n )
EPA 1631, DL = 0.2 ng/L (pp t r i l l i o n )
EPA 163 1, DL = 0.2 ng/L (pp t r i l l i o n )

EPA 1631, DL = 0.5 n g / g ( p p b )
EPA 1631, DL = 0.2 n g / g ( p p b )
EPA Method 300.0
S M W W 4500-S 2 '
EPA 9060 mod i f i ed for s o l i d s
A S T M D422-63

EPA 1631, DL = 0.5 n g / g (dry wt)
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Sanchez Reservoir
water
p r o f i l e *

major constituents**T S Sc h l o r o p h y l l atotal H g ( u n f i l t . )paniculate H g
di s so lved H g ( f i l l . )
total M e H g ( u n f i l t . )dis solved M e H g ( u n f i l . )
s edimentstotal H g
M e H gs u l f a t es u l f i d eTOC
grain size
pH (field meas.)
Macroinvertebrates
T o t a l H g

m u l t i p l ed e p t h s
6
6
6
6
6
66
6

3
3
3
3
3
3
3

10

f i e l d measurements

Class 100 Lab
Tetra TechTetra TechClass 100 Lab
Class 100 LabClas s 100 LabClas s 100 LabClas s 100 Lab

Cla s s 100 Lab
Clas s 100 LabClas s 100 LabClas s 100 LabC l a s s 100 LabC l a s s 100 Lab
f i e l d measurements

Class 100 Lab

~

see f o o tno t e bEPA Method 160.2
SM 10200 H
EPA 1631, DL = 0.2 ng/L (pp t r i l l i o n )
EPA 1631, DL = 0.2 ng/L (pp t r i l l i o n )
EPA 1631, DL = 0.2 ng/L (pp t r i l l i o n )
EPA 1631, DL = 0.2 ng/L (pp t r i l l i o n )
EPA 1631, DL = 0.2 ng/L (pp t r i l l i o n )

EPA 1631, DL = 0.5 n g / g (ppb)
EPA 1631, DL = 0.2 n g / g ( p p b )
EPA Method 300.0
S M W W 4500-S 2 'EPA 9060 m o d i f i e d for s o l i d s
A S T M D422-63

EPA 163 1, DL = 0.5 n g / g (dry wt)

* p r o f i l e : DO, temperature, pH, turbidi ty, redox p o t e n t i a l , conduc t iv i ty
**major const i tuents:

cations: CLP S O W I L M 0 3 . 0 Ca, Mg, Na, K, NH4
anions: EPA Method 300.0 C 1 , N O 2 , N O 3 , T - P O 4 , S O 4alkal in i ty: Standard Method s 2320total di s solved sol ids (TDS): EPA Method 160.1

'Tributary water samples analyzed for above parametersb Reservoir water sampl e s for above parameters and DOC and c h l o r o p h y l l adi s s o lved organic carbon (DOC): EPA Method 415.1; c h l o r o p h y l l a SM 10200 H0 W e t l a n d surface water and porewater sample s analyzed for major const i tuents , TOC (EPA Method 9060) and
DOC
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6.0 M E T H O D S AND PROCEDURES
T h i s section describes the methods and procedures that will be used to col l ec t s ampl e s

inc lud ing s ampl e s needed to prepare QA/QC samples. All sample s will be handled in accordance
with EPA procedures and cha in-o f- cu s t ody guide l ine s . Trac e metal "ultra-clean" proc edure s wil l
be used to co l l e c t sample s for mercury analyses. T h e s e spec ial precautionary measures are
described in EPA method 1669; they are designed to e l iminate po t en t ia l s a m p l e contamination
from sampl e equipment or sampler disregard for cross-contamination. Containers wil l be pre-
cleaned prior to sampl e co l l e c t i on. P o l y e t h y l e n e equipment will be used to c o l l e c t soil and
sediment sample s . All Hg sampl e s in containers will be l ab e l ed , sealed with t a p e , and p l a c e d in
coolers for t ranspor t to the contracted lab. Q A / Q C procedures are d i s cus s ed in S e c t i o n 8.0.

All other sampl e s can be c o l l e c t ed without regard for trace metal contamination. T h e s e
sample s will be co l l e c t ed in p o l y e t h y l e n e or g la s s b o t t l e s and preserved as s p e c i f i e d in S e c t i o n 7.2.
The containers will be l a b e l e d , sealed with tape , and p l a c e d in coolers for transpor t to a C l a s s 100
Laboratory or the a p p r o p r i a t e E P A - a p p r o v e d contract laboratory.
6.1 T r i b u t a r y S a m p l i n g
6.1.1 Water S a m p l i n g

Trace metal clean techniques (as described in EPA Method 1669) will be used throughout
c o l l e c t i o n of water sample s . Tribu tary water s ampl e s wil l be c o l l e c t ed as grab sampl e s into 1 - l i t e r
p l a s t i c b o t t l e s for standard parameters while submerged under the water surface, and into acid
cleaned 1- l i t e r T e f l o n b o t t l e s f o r mercury. S a m p l e r s will d o n d i s p o s a b l e p o l y e t h y l e n e g love s pr i orto c o l l e c t i o n of all mercury sampl e s . Each b o t t l e wil l be rinsed with the s a m p l e water ( 3 x ) pr ior
to c o l l e c t i o n . Pre-cleaned f i l t e r s will be used to produce f i l t e r e d (<0.45 fj.m) sample s . F i l t r a t i o n
equipment may involve a d d i t i o n a l containers (somet imes referred to as in t e rmed ia t e v e s s e l s);
these will be rinsed 3x with s a m p l e water prior to f i l t r a t e c o l l e c t i o n . Each b o t t l e will be filled
c o m p l e t e l y and p laced inside two p l a s t i c bags. After s ampl e containers are f i l led, they wi l l be
i m m e d i a t e l y sealed and p laced in an insu la t ed cooler with ice and s h i p p e d to the a p p r o p r i a t e lab
( T a b l e 1). W a t e r s a m p l e s for mercury analyses will be t ran spor t ed to the C l a s s 100 laboratoryand s a m p l e s for major const i tuent analyses will be sent to the C l a s s 100 Laboratory.

T o t a l , p a r t i c u l a t e and d i s s o l v e d mercury water s a m p l e s wil l be c o l l e c t ed and sent to the
laboratory in separate 1-l i ter acid-cleaned T e f l o n b o t t l e s . Other water qua l i ty parameters wil l
c o l l e c t e d and sent to the laboratory in 500 mL HDPE b o t t l e s . ( S e e T a b l e 2 in S e c t i o n 7.)
6.1.2 S e d i m e n t S a m p l i n g

Water shed tributary sediment s a m p l e s wil l be c o l l e c t e d with short n o n - m e t a l l i c gravity
corers or p o l y e t h y l e n e s coops and stored in ( q u a l i t y assurance t e s t e d ) g l a s s j a r s with air t igh t
f i t t i n g (Teflon l i n e d ) l i d s . I n d i v i d u a l Hg s a m p l e sizes will consist of at least 1 gram, yet more
quant i ty wil l be c o l l e c t ed if p o s s i b l e . Hg c o l l e c t i o n wil l be in 4 oz amber j a r s ( 1 / 4 - 1 / 2 inch of
s a m p l e ) .
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I n d i v i d u a l T O C , s u l f i d e , and grain size sample s will consist of 250 g of sample . Grain size
and TOC co l l e c t i on will be in 16 oz glass j a r s (approx . ha l f f o i l of sample). The s u l f i d e s a m p l e
will be p laced in a 250 g glass jar .
6.2 Reservoir W a t e r S a m p l i n g

Trace metal clean techniques (as described in EPA Method 1669) will be used throughout
c o l l e c t i o n of lake water sample s . Water sampl e s will be c o l l e c t ed as grab sampl e s with the aid of a
p u m p attached to acid cleaned Teflon tubing. Each b o t t l e will be rinsed with the s a m p l e water
( 3 x ) prior to co l l e c t i on. Pre-cleaned f i l t e r s will be used to produce f i l t e r e d (0.45 um) sample s .
F i l t r a t i o n equipment may involve a d d i t i o n a l containers (sometimes referred to as in t ermedia t eve s s e l s); these will be rinsed 3x with s a m p l e water prior to f i l t r a t e c o l l e c t i on . Each b o t t l e will be
f i l l e d c ompl e t e ly and placed inside two p la s t i c bags. A f t e r sample containers are f i l l e d , they will
be immedia t e ly sealed and p l a c e d in an insulated cooler with ice. As soon as all s a m p l e s are
c o l l e c t e d they will be t ran spor t ed to the Cla s s 100 Laboratory. W a t e r s a m p l e s for mercury
analyses will be t ranspor t ed to the C l a s s 100 Laboratory.
T o t a l , p a r t i c u l a t e and d i s s o l v e d mercury water s ampl e s will be c o l l e c t ed and sent to the labora tory
in separate 1-l i t er acid-cleaned Teflon bo t t l e s . Other water qual i ty parameters will c o l l e c t e d and
sent to the laboratory in 500 mL HDPE bo t t l e s . ( S e e T a b l e 2 in S e c t i o n 7.)
6.3 Reservoir S e d i m e n t S a m p l i n g

Reservoir s ed iment s in sha l l ow water ( l e s s than 2 f e e t d e e p ) will be s ampl ed with a short
non-meta l l i c gravity corer and will consist of the top 2 cm of lake bed sediment. .Reservoir
s ed iment s in d e ep er waters (more than 2 f e e t d e e p ) will be s a m p l e d with a core or p e t i t e Ponar
grab and will also consist of the top 2 cm of reservoir sediment. If a f l o e is present at the
s ediment-water in t er fac e , a s a m p l e will be p u m p e d using acid- cleaned Teflon tubing into a 1 - l i t e r
Teflon b o t t l e to obtain a sampl e for t o ta l and methyl mercury analys i s only.

I n d i v i d u a l Hg s a m p l e sizes will consist of at least 1 gram, yet more quanti ty wi l l be
c o l l e c t e d if p o s s i b l e . Hg sediment s ampl e s will be p l a c e d in 4 oz amber j a r s ( 1 / 4 - 1 / 2 inch of
sample).

I n d i v i d u a l T O C , s u l f i d e , and grain size s a m p l e s will consist of 250 g. Grain size and TOC
c o l l e c t i o n wi l l be in 16 oz g la s s j a r s ( a p p r o x . h a l f full of s a m p l e ) . I n d i v i d u a l s u l f a t e s a m p l e sizes
wil l consist of at leas t 100 grams. Sulfate c o l l e c t i o n will be in 4 oz j a r s .
6.4 Macroinver t ebrat e s

I n s e c t s and other mobi l e animals l ike a m p h i p o d s that have emerged f r o m the s ed iment s or
rocks will be c o l l e c t e d using a d r i f t net. S t a t i o n a r y animals and larval insects in the s ed iment s w i l l
be co l l e c t ed by f i r s t obtaining a sediment sampl e using an Eckman grab sampler and then
screening the sediment with a N y t e x 300 um mesh size to obtain the animals. The t y p e s of
animals obtained will be recorded in the bound f i e l d logbook. The animals wil l be p l a c e d in acid-
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cleaned 20-ml Teflon bo t t l e s . The s ampl e s will be t ranspor t ed to the laboratory for total
mercury analysis. Biomass weight and moisture content wil l also be determined. A d e s c r i p t i o n of
these procedures is included in Attachment 2.
6.5 F i e l d Equipment Blanks

Field equipment blanks will be c o l l e c t ed for s ediment, macroinvertebrates, and water
sample s . For macroinvertebrate and sediment sample s , these blanks will consist of rinsates of the
s a m p l i n g equipment (e.g., corer) with high pur i ty water. Water equipment blanks shall be
c o l l e c t e d using the p u m p and tubing and ultra-clean water s u p p l i e d by the C l a s s 100 laboratory.
6.6 T e m p e r a t u r e Blanks

In order to evaluate p o t e n t i a l e f f e c t s of s a m p l e t ranspor ta t i on and h a n d l i n g on da ta
qua l i ty , a thermal t emperature sensor will be used to record the t emperature of the s a m p l e s whenreceived.
6.7 C o l l e c t i o n of D u p l i c a t e S a m p l e s

Extra water and sediment sampl e s will be c o l l e c t ed to prepare b l ind d u p l i c a t e water and
s ediment s a m p l e s at a rate of one s a m p l e of each t y p e per twenty sample s . A doub l e volume of
water and sediment will be c o l l e c t e d for use by the laboratory in p r e p a r i n g MS/MSD sampl e s at a
rate of one MS/MSD set per twenty sample s .
6.8 Decontaminat i on Procedures

P e s t i c i d e grade solvent rinse (highes t puri ty m e t h a n o l ) wil l be used to rinse p o l y e t h y l e n e
s coops , s p a t u l a s , p e t i t e Ponar grabs, and corers prior to c o l l e c t i n g sediment sampl e s . S e d i m e n t
corer or the p e t i t e Ponar grab equipment will also be rinsed with reservoir or tributary water
which will contain mercury at l ev e l s several orders of magni tude below the s ed iment s . Ded i ca t ed
equipment will be used for c o l l e c t i n g water s a m p l e s , which are believed to y i e ld the lowest
mercury concentrations. The c o l l e c t i o n order of water s a m p l e s at a s ing l e l o c a t i o n w i l l be to take
sur face s a m p l e s f i r s t then those that are d e e p so as to avoid cross contamination. In a d d i t i o n ,
s a m p l e tubing will be rinsed by p u m p i n g water for at least two minutes at the highest f l o w rate
prior to c o l l e c t i o n of the next sample s .
6 . 9 F i s h Q A / Q C S a m p l e s
USFWS and CDOW will c o l l e c t f i s h f r o m each reservoir, as described in the f i s h s a m p l i n g SOP
i n c l u d e d in the a p p e n d i x . The f i s h wil l be pr epared by their s t a f f as f i l let s in the f i e l d . At least ten
percent of the f i s h f i l l e t s a m p l e s wil l be prepared as s p l i t s ampl e s . T h e s e s p l i t s a m p l e s wil l be
analyzed by F r o n t i e r Geosciences; the other s a m p l e s wi l l be analyzed by the CDOW laboratory.
The d e t e c t i on limit for the f i s h t i s sue analyse s i s 0.001 mg/kg . All the f i l l e t s will be wrapped in
aluminum f o i l and placed in z ip- lock bags and placed in a cooler with ice for shipment to the
laboratory. The f i s h s ampl e s will be c o l l e c t e d at a d i f f e r e n t time than the wa t e r / s ed imen t s a m p l e s .
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7 . 0 S A M P L E D O C U M E N T A T I O N A N D S H I P M E N T
7.1 F i e l d Documentat ion

At a minimum, the f o l l o w i n g information will be recorded during the c o l l e c t i on of each
sample:

S a m p l e
• S a m p l e r ' s name(s)
• Date and time of s ampl e c o l l e c t i o n
• Field observations and d e t a i l s important to analysis or integri ty of

s ampl e s (e.g., heavy rains, odors, colors, etc.)
• Preliminary s a m p l e d e s c r i p t i o n s (e.g., sediment t y p e , color, odor s)
• pH, DO, temperature, conduc t iv i ty , t u r b i d i t y , redox p o t e n t i a l ( f o r water s a m p l e s )
• pH ( f o r sediment s a m p l e s )
• i d e n t i f i a b l e biota t y p e s and c ond i t i on (macroinvertebrate s)
• f l o w measurements

7.2 Bot t l e s and Preservatives
S e d i m e n t and water s a m p l e s will b e c h i l l e d t o 4 °C. Water s a m p l e s f or mercury analyse s

wil l be c o l l e c t ed in acid-cleaned 1-Liter Teflon b o t t l e s and preserved by the F r o n t i e r Geoscience
lab with 0.5% (trace metal clean) HCI. Water s ampl e s for the other analyses wi l l be preserved in
the f i e l d . Macroinvertebrates will be narcotized using a small amount of club soda and c h i l l e d to
4 ° C .

The number of s a m p l e containers, volumes, and materials are l i s t e d in T a b l e 2.
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T a b l e 2. S a m p l i n g containers
de s cr ip t i on number and type of sample b o t t l e s
RESERVOIR OR TRIBUTARY SEDIMENTS
total Hg-wet sediment
MeHg-wet segment (reservoirs only)
sulf ide-wet sediment
sul fate-wet sediment (reservoirs only)
TOC-wet sediment
pH-wet sediment (f i e ld measurement)

RESERVOIR P R O F I L E Stemperature-water ( f i e l d )
DO p r o f i l e - w a t e r (field)p H pro f i l e -wa t e r ( f i e l d )redox po t en t ia l ( f i e l d )turbidity-water ( f i e l d )conductivity-water ( f i e l d )
W A T E R C O N S T I T U E N T Stemperature, pH, DO, turbidi ty, redox p o t e n t i a l - ( f i e l d )
cationsanions, a lka l in i ty
T S S
T D Sdi s s o lved organic carbontotal organic carbon
c h l o r o p h y l l a
total H g ( u n f i l t e r e d ) - w a t e r
paniculate Hg-watertotal M e H g (unf i l t e r ed)-wat erdi s so lved H g ( f i l t e r e d ) - w a t e rdis so lved M e H g ( f i l t e r e d ) - w a t e r
B I O T A
total Hg/MeHg- macroinvertebratesT o t a l H g - f i s h

45 x 4 oz.I-Chem glas s jars (wide mouth with t e f l o nlined l i d )
11 (see above total Hg-wet s e d i m e n t )
45 glass jars
11 glass jars
45 glass jars
f i e l d

f i e l d

f i e l d
62 x 500 mL HOPE
62 x 1 L HOPE
22 x 1 L HOPE
62 x 500 mL HOPE
28 x 500 mL HOPE

6 x 500 mL HOPE
22 500 mL amber HOPE
62 T e f l o n (FEP) Bott l e (500 mL) or I - C h e m g la s s jar s
62 T e f l o n (FEP) Bott l e (500 mL) or I - C h e m g l a s s j a r s22 T e f l o n (FEP) Bottle (500 mL) or I - C h e m g la s s jar s62 Teflon (FEP) Bott le (500 mL) or I-Chem glas s jars
22 T e f l o n (FEP) Bott l e (500 mL) or I-Chem g la s s jar s

17 compos i t e s stored in 20 mL g la s s j a r sSplit sample s of at least 10 percent o f f i s h to beco l l ec t ed by USFWS and CDOW in z ip- l o ck bags
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7.3 S a m p l e Traff i c Report And C h a i n - O f - C u s t o d y Records, And Q A / Q C Summary
F o r m s
C h a i n - o f - c u s t o d y records are used to document sampl e c o l l e c t i on and t r a n s p o r t a t i o n tothe laboratory for analysis. All sample s for Cla s s 100 , and private lab analyses will be

accompanied by a chain-o f-cu s tody record. A form will be c o m p l e t e d and transpor t ed with the
s ampl e s to each laboratory.

The t r a f f i c report and cha in-o f - cu s t ody record will i d e n t i f y the contents of each sampl e
cooler and maintain the cu s todia l integri ty of the sample s . General ly, a s ampl e is considered to be
in s o m e o n e ' s cus tody if i t i s either in s o m e o n e ' s phys i cal pos s e s s ion, in s o m e o n e ' s view, locked up,
or kept in a secured area that is restricted to authorized personnel. Unt i l the s a m p l e s are
t ranspor t ed to the ind iv idua l laboratory, the cus tody of the sample s wil l be the r e s p o n s i b i l i t y of
the EPA s a m p l i n g team. The site l eader or des ignee will sign the cha in-o f - cu s t ody record.

The pink copy of the cha in-o f - cu s t ody record will be sent to the EPA Region 8 Q u a l i t y
Assurance Management S e c t i o n (QAMS) and the white copy will accompany the s a m p l e s to the
a p p r o p r i a t e laboratory. A copy of all of the original cha in-o f - cu s t ody records will be made for
the EPA master f i l e s .

A qual i ty a s suranc e /qua l i ty control (QA/QC) summary form will be c o m p l e t e d for each
laboratory and each matrix of the s a m p l i n g event. The s ampl e numbers for all rinsate s ampl e s ,
re f erence s ampl e s , laboratory QC sampl e s , and d u p l i c a t e s will be documented on this f o rm (see
S e c t i o n 8.0). The original f o rm will be sent to QAMS; a p h o t o c o p y wi l l be made for the EPAmaster f i l e s . T h i s f orm is not sent to the laboratory.

A s e l f - a d h e s i v e cu s t ody seal will be p l a c e d across the lid of each sampl e . S a m p l e s wi l l be
stored in an ice chest to maintain 4°C. T h e s e containers will be sealed with s e l f - a d h e s i v e cus tody
seals any time they are not in s o m e o n e ' s po s s e s s i on or view be f or e t r a n s p o r t a t i o n . All cu s t ody
seal s wi l l be signed and dat ed .

Correc t ions on s a m p l e paperwork will be made by p l a c i n g a s ing l e l ine through the
mistake and i n i t i a l i n g and d a t i n g the change. The correct in f ormat i on wil l be entered above,
below, or a f t e r the mistake.
7.4 L a b e l i n g , Packag ing , And S h i p m e n t

All s a m p l e s c o l l e c t e d wil l be l a b e l e d in a clear and precise way for p r o p e r i d e n t i f i c a t i o n in
the f i e l d and for tracking in the laboratory. The s a m p l e s will have p r e a s s i g n e d , i d e n t i f i a b l e , and
unique numbers. At a minimum, the s a m p l e l a b e l s wil l contain the f o l l o w i n g i n f o r m a t i o n : Case
Number , s tat ion l o ca t i on , date of c o l l e c t i on , analytical paramet er(s), and method of preservation.
Every sampl e , i n c l u d i n g sample s c o l l e c t ed f r o m a s ingle locat ion but go ing to separatelaboratories , will be assigned a unique sampl e number.
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All sampl e containers will be p l a c e d in a s trong-out s ide s h i p p i n g container. The f o l l o w i n g
outl ines the packaging procedures that will be f o l l o w e d for low concentration sample s .

1. When ice is used, secure the drain p l u g of the cooler with f i b e r g l a s stape to prevent melting ice f r o m leaking out of the cooler.
2. Line the bot tom of the cooler with bubble wrap to prevent breakageduring shipment.
3. Check screw caps for t i g h t n e s s and if not full, mark the s a m p l e volumej eve l of l iqu id s a m p l e s on the ou t s id e of their sample b o t t l e s withi n d e l i b l e ink.
4. Secure b o t t l e / c o n t a i n e r t o p s with clear t a p e and cu s t ody seal allcontainer t o p s .
5. Affix s ampl e l a b e l s onto the containers with clear tape .
6. W r a p all g la s s sampl e containers in bubble wrap to prevent breakage.
7. S e a l all s a m p l e containers in heavy duty p l a s t i c bags. W r i t e the s a m p l enumbers on the ou t s i d e of the p l a s t i c bags with i n d e l i b l e ink.
All s a m p l e s will be p l a c e d in coolers with the a p p r o p r i a t e cha in-o f - cu s t ody form. Allf o r m s wi l l be enclosed in a large p l a s t i c bag and a f f i x e d to the under s id e of the cooler l i d . E m p t y

space in the cooler wil l be filled with bubble wrap or s tyro f oam peanut s to prevent movement andbreakage during shipment. Ice used to cool s a m p l e s will be d o u b l e sealed in two zip lock p l a s t i c
bags and p laced on top and around the s a m p l e s to chill them to the correct t emperature . Each icechest will be securely shut, and cu s tody seals wil l be a f f i x e d to the cooler.

C l a s s 100 Lab and EPA 8 Regional S a m p l e Control Center s (RSCC) wil l be n o t i f i e d
d a i l y of the s ampl e shipment s ch edu l e ( F r i d a y s h ipmen t s must be r epor t ed no la t er than noon) and
wil l be p r o v i d e d with the f o l l o w i n g i n f o r m a t i o n :

• S a m p l i n g c o n t r a c t o r ' s name
• The name and l o ca t i on of the site
• Case number or RAP number
• T o t a l number(s) by concentration and matrix of s a m p l e s s h i p p e d to

each laboratory
I r r e g u l a r i t i e s or a n t i c i p a t e d p r o b l e m s associated with the s a m p l e s

• Whether a d d i t i o n a l s a m p l e s will be s h i p p e d or if this is the last
shipment.
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8.0 QUALITY C O N T R O L
8.1 D u p l i c a t e S a m p l e s

A d u p l i c a t e sampl e will be c o l l e c t ed for each group of sample s . T h i s will
f o l l o w EPA f i e l d sampl ing gu id e l in e s : one d u p l i c a t e per twenty samples .
8.2 Laboratory Q u a l i t y Contro l S a m p l e s

For thi s s ampl ing event a s ingle s ampl e for the set f r om Narraguinnep is
a n t i c i p a t e d , so a doub l e volume of one s a m p l e will be co l l e c t ed for the laboratory to
p r e p a r e MS/MSD s a m p l e s ; that i s , d u p l i c a t e s a m p l e s will b e c o l l e c t ed for mercury
analyses and d u p l i c a t e s wil l be c o l l e c t e d for other chemical analyses. Double volumes
of two s ampl e s will be c o l l e c t ed for both the McPhee and Sanchez sets for the
laboratory t o prepare M S / M S D sample s .
8.3 Data V a l i d a t i o n

The contracted laboratory ( f o r total s u sp ended s o l i d s and c h l o r o p h y l l a) will
report laboratory blank and matrix sp ik e r e su l t s for Q A / Q C . The use of the da ta does
not warrant f u r t h e r va l ida t i on f o l l o w i n g the CLP f u n c t i o n a l g u i d e l i n e s for data review.
However, each laboratory will maintain a full data package for data val idat ion should
it become a p p r o p r i a t e in the fu ture .
8.4 F i e l d Variances

As condi t i ons in the f i e l d may vary, it may become necessary to imp l emen t
minor m o d i f i c a t i o n s to s a m p l i n g as presented in this p l a n . All variances will be
recorded in a bound f i e l d notebook.
9.0 Per f ormance S c h e d u l e

The water, s ed iment , and macroinvertebrates wil l be c o l l e c t ed at the same
time. S a m p l i n g will begin at Sanchez Reservoir on J u n e 3. After s a m p l i n g thi s
reservoir and the nearby creeks se lec ted for s a m p l i n g , shown in F i g u r e 8, the s a m p l i n g
team will drive to the McPhee area. S a m p l i n g at McPhee Reservoir is e xpe c t ed to
begin on J u n e 5th. Narragu innep Reservoir is p lanned to be s a m p l e d on J u n e 5th or
6th. The Dolores River and other selected ups tream tributarie s , shown in F i g u r e 5,
will be s a m p l e d next when both reservoirs are c o m p l e t e d . The s a m p l i n g is expec t ed to
be comple t ed by J u n e 8th, but may take 1 or 2 days longer. S t a n d a r d turn-around time
of 3 weeks wil l be requested f r om the laboratories. A data report will be pr epar ed one
month f r o m receipt of the data f r o m all the laboratories. A phone report wi l l be given
to the EPA WAM a f t e r the s a m p l i n g has been c ompl e t ed and to n o t i f y EPA that all
s a m p l e s have been received by the laboratories.
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A T T A C H M E N T 2
SOP for Ultra-c l ean Mercury S a m p l i n gSOP for Macroinvertebrate S a m p l i n g

S O P f o r F i s h S a m p l i n g



All sample containers will be p laced in a s trong-outs ide s h i p p i n g container. The f o l l o w i n g
outl ines the packaging procedures that will be f o l l o w e d for low concentration sample s .

1. When ice is used, secure the drain p l u g of the cooler with f i b e r g l a s st a p e to prevent melting ice f rom leaking out of the cooler.
2. Line the bottom of the cooler with bubble wrap to prevent breakageduring shipment.
3. Check screw caps for t i g h t n e s s and if not full, mark the s ampl e volumej evel of l iquid s ampl e s on the out s ide of their sample b o t t l e s withi n d e l i b l e ink.
4. Secure b o t t l e / c o n t a i n e r t o p s with clear t a p e and cus tody seal allcontainer t op s .
5. Affix s a m p l e l a b e l s onto the containers with clear tape.
6. W r a p all g l a s s s a m p l e containers in bubble wrap to prevent breakage.
7. Seal all s ampl e containers in heavy d u t y p l a s t i c bags. W r i t e the s ampl enumbers on the ou t s i d e of the p l a s t i c bags with i n d e l i b l e ink.
All s a m p l e s will be p l a c e d in coolers with the a p p r o p r i a t e c h a i n - o f - c u s t o d y form. All

f o r m s will be enclosed in a large p l a s t i c bag and a f f i x e d to the u n d e r s i d e of the cooler lid. E m p t y
space in the cooler will be filled with bubble wrap or s tyro foam peanuts to prevent movement and
breakage during shipment. Ice used to cool sampl e s will be d o u b l e sealed in two zip lock p l a s t i c
bags and p la c ed on top and around the s ampl e s to chil l them to the correct t emperature . Each icechest wil l be securely shut, and cu s t ody seals will be a f f i x e d to the cooler.

C l a s s 100 Lab and EPA 8 Regional S a m p l e Contro l Centers (RSCC) wi l l be n o t i f i e d
d a i l y of the s a m p l e shipment s chedu l e (Friday s h i p m e n t s must be reported no la t e r than noon) and
wil l be prov id ed with the f o l l o w i n g in format i on:

• S a m p l i n g c o n t r a c t o r ' s name
The name and l o ca t i on of the site

• Case number or RAP number
• T o t a l number(s) by concentration and matrix of s a m p l e s s h i p p e d to

each laboratory
I r r e g u l a r i t i e s or an t i c ipa t ed prob l ems as sociated with the s a m p l e s
Whether a d d i t i o n a l s ampl e s will be s h i p p e d or if this is the las t
sh ipment .

27



A T T A C H M E N T 1
M a p s and F i g u r e s



Poor Q u a l i t y S o u r c eD o c u m e n t
T h e f o l l o w i n g d o c u m e n ti m a g e s have beenscanned f r o m th e besta v a i l a b l e source copy.

To view the ac tual hard c o p y ,contact t h e S u p e r f u n d Record sC e n t e r at (303) 312-6473 .



Figure 1. showing location of three resen>oirs to he sampled



,. 109'
I N T R O D U C T I O N

108'

Figure 2. Regional Location map of Dolores River Basin
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U l t r a - C l e a n Aqueous S a m p l e C o l l e c t i o n
and Preservation ( F G S - 0 0 0 8 and EPA Method 1669)

revised January 3,1995
N i c o l a s S Bloom

Front i er Geosciences Inc.
414 Pontius Avenue North , Suite B

S e a t t l e , WA 98109

1. S C O P E AND APPLICATION
This SOP describes the techniques used to col lec t and preserve ambient

water samples for trace metals, in a way that neither contaminates, loses, or
changes the chemical form of the analytes of interest. S a m p l e s are co l l ec t ed in
the f i e l d into previous ly cleaned and tested s ampl e s b o t t l e s ( F G S - 0 0 0 7 ) of a
material appropr ia t e to the analysis to be conducted.

2. SUMMARY OF M E T H O D
S a m p l e bo t t l e s are c leaned, t e s t ed , ril led with 0.5% HC1, and doub l e

bagged in the laboratory clean-room. At the site the b o t t l e f i l l e d with water
s ampl e using the "clean -hands - dirty hands" technique. Bott l e s are sealed
t i g h t l y and rebagged using the o p p o s i t e series of s t ep s as were used to open
them. Bottles are sh ipped to the clean-room via over-night courier for fur ther
processing ( f i l t r a t i o n , etc.) and preservation.

3 . M A T E R I A L S A N D R E A G E N T S
3.1 S a m p l e Bottjes.. T e f l o n , g la s s , or other b o t t l e s , as a p p r o p r i a t e to the

analytes of interest are cleaned and tested according to FGS-0007. T e f l o n
or glass bo t t l e s with T e f l o n caps may be used for all trace metals, while
p o l y e t h y l e n e and polycarbonate bo t t l e s may be used only if mercury is
not an analyte of interest

3.2 S a m p l i n g Pump. S a m p l e s are co l l e c t ed f r o m d e p t h (up to 50 f e e t ) using a
bat t ery powered p e r i s t a l t i c pump. A short piece of s p e c i a l l y cleaned



s i l icone s i la s t i c tubing is used in the pump head, while all other sampl ing
tubing is 0.25 inch O.D. T e f l o n , which has been cleaned according to FGS-
007. The s i la s t i c pump tubing (12 inch sect ions) are cleaned be heat ing 24
hours in a sealed T e f l o n jar with a mixture of 5% acetic acid (reagent
g r a d e ) + 0.2% HO ( v / v ) , and then rinsing with DDW and repeat ing the
heating procedure two times with low trace-metal DDW. Pieces of s i l a s t i c
tubing are stored wet in a T e f l o n jar until use, to avoid contamination by
gaseous Hg. NOTES: Any a t t empt to clean the s i las t ic tubing with strong
mineral ac ids will result in embrittlemenL Also

3.3 H y d r o c h l o r i c acid. Trace-metal p u r i f i e d reagent HC1 is purchased and
pre-analyzed for Hg b e f o r e use. In general, it is po s s i b l e to obtain acid
containing less than 5 pg-mL"^ Hg. When a lot number meeting this
s p e c i f i c a t i o n is f o u n d , several cases are purchased, and stored in a low Hg
atmosphere (i.e.; in clean lab or ou t s ide the bu i ld ing). General ly lower
values can be obtained in this manner, than by re-dis t i l l ing acid in the
l a b o r a t o r y . So c a l l e d ULTRA-PURIFIED ac id s are o f t e n the most
i rr eproduc i b ly contaminated ( f o r mercury) grade of acid commercial ly
ava i lab l e and should be avoided.

3.4 N i t r i c acid. Tric e-me ta l p u r i f i e d reagent H N O s is purchased and pre-
analyzed for Kg, and all other metal s of interest b e f o r e use. In general, it is
po s s i b l e to obtain acid containing less than 5 pg-mL" 1 Hg and less than 5
ng-mL"1 of other trace me ta l s . W h e n a lot number mee t ing thi s
s p e c i f i c a t i o n is f o u n d , several cases are purchased, and stored in a low Hg
atmosphere (i.e.; in clean lab .or ou t s id e the b u i l d i n g ) . Genera l ly lower
values can be obtained in this manner, than by r e-d i s t i l l ing acid in the
labora tory. So c a l l e d ULTRA-PURIFIED acids are o f t e n the most
i r r e p r o d u c i b l y contaminated ( f o r mercury) grade o f acid commerc ia l ly
ava i lab l e and should be avo ided , if mercury is an analyte of interest.

3.4 0.2N Bromine monochlor ide . 27 g of KBr are a d d e d to a 2.5 L b o t t l e of
concentrated HO analyzed and f ound to be low in Hg (<5 ng-L"^). A clean
magnetic stir bar is p l a c e d in the b o t t l e , and it is stirred for 1 "hour, in a
f u m e hood. N e x t , 38 g of pre-analyzed, low Hg KBrOs are s l o w l y a d d e d
to the acid with s t irring. When all of the KBrOs has been a d d e d , the
so lut ion should have gone f rom y e l l o w to red to orange. Loose ly cap the
b o t t l e , a n d a l l o w t o s t i r another hour b e f o r e t i g h t e n i n g t h e l i d .
C A U T I O N : T H I S P R O C E S S G E N E R A T E S C O P I O U S Q U A N T I T I E S O F
FREE H A L O G E N S (C1& B r , B r C l ) W H I C H A R E R E L E A S E D FROM T H E



B O T T L E . ADD THE KBrOs SLOWLY AND IN A W E L L OPERATING
FUME HOOD!

4. SAMPLE C O L L E C T I O N
4.1 S a m p l e s are c o l l e c t e d only into r i g o r o u s l y cleaned T e f l o n b o t t l e s or

borosilicate glass bo t t l e s with T e f l o n caps (see FGS-007). Polyethylene or
polycarbonate bo t t l e s may be used if Hg is not an analyte of interest.

42 S a m p l e s are co l l ec t ed using rigorous ultra-clean pro toco l s which are
summarized as f o l l o w s .
42.1 At least two persons, wearing f r e sh clean-room gloves at all times,

are required on a. sampling crew.
42.2 One person ("dirty hands") p u l l s a bagged bo t t l e f rom the box, and

opens the outer, dirty bag, avoiding touching inside that bag.
4.2.3 The other person ("dean hands") reaches in, opens the inner bag,

and p u l l s out the sample bottle.
42.4 This b o t t l e is opened with a p l a s t i c shrouded wrench, and the

a c i d i f i e d water is discarded downstream of the sampl ing site.
42.5 The b o t t l e is rinsed once with sample water, and then f i l l e d .
42.6 Preservative (i.e. 0.5% v/v of high purity HC1 for Hg and M M H g ,

1.0% v/v HC1 for other trace me ta l s) may be a d d e d at this time, or
within 48 hours at the clean laboratory. S a m p l e s co l l ec t ed for
Arsenic spec iat ion must be col lec ted into special bo t t l e s with a 2
mm hole d r i l l e d in the cap, and i m m e d i a t e l y frozen in l iquid
nitrogen. N O T E : The ho l e in the cap is necessary to prevent
b o t t l e e x p l o s i o n due to i n s e e p a g e of l i q u i d nitrogen when the
s ampl e s axe thawed!!

42.7 The cap is r ep laced with the wrench, and- the b o t t l e re-bagged in
the o p p o s i t e order f rom which it was removed.



4.2.8 Clean-room gloves are changed between s a m p l e s and whenever
something not known to be clean is touched.

4.2.9 W a t e r samples are most cleanly obtained by surface grab, using
gloved hands, and f a c i n g into a f l o w i n g body of water or off the
bow of a moving boat. If s ampl e s are to be taken f r o m d e p t h , the
only non-contaminating method generally ava i lab l e is pumping. A
p e r i s t a l t i c pump is used with a short (30 on) piece of FRESHLY
cleaned (heat ing to 70 °C in 2% HC1 + 5% C H 3 O O H ) silicone
tubing in the pump. The remainder of the sampl ing tubing should
be 6.5 mm O.D. acid-cleaned T e f l o n . Once cleaned, silicone tubing
quickly absorbs Hg f r o m the air, and so it should be stored in a
T e f l o n jar until use.

4.2.10 CAUTION: D I S C R E T E SAMPLERS, i.e.; Niskin™ and Kemerer
BOTTLES ARE TO BE A V O I D E D , AS, U N D E R EVEN THE BEST
O F C O N D I T I O N S T H E Y A R E O F T E N F O U N D T O
C O N T A M I N A T E S A M P L E S A T T H E n g - L ' l L E V E L . I n t h e event
that deep sampling is required, the only discrete sampl er which is
known to be deanable is the T e f l o n - c o a t e d , Go-Flo™ (General
Oceanics, FL) bo t t l e . These bo t t l e s must have all metal components
coated with epoxy or silicone, and then be f i l l e d and stored for long
p e r i o d s (i.e. 1 m o n t h ) wi th 5% H C 1 , and then t e s t ed for
contamination by the metal of interest until s a t i s f a c t o r y r s^u l t s are
obtained.

5 . S A M P L E P R E S E R V A T I O N

5.1 Mercury S a m p l e s may be preserved by a d d i n g 5 mL-L'l of concentrated
HC1 (for both total and methyl Hg analys i s) or 5 mL-L"* BrCl s o lu t ion, if
only t o t a l mercury is to be analyzed. A c i d and BrCl preserved s a m p l e s
are s t a b l e i n d e f i n i t e l y (> 6 months), a l t h o u g h current EPA m a n d a t e d
h o l d i n g time is s t i l l 28 days. For sample s to be analyzed for other metals ,
using GFAAS, preservation should be with 1.0% H N O s . In the case that
both Hg and other me ta l s are to be a n a l y z e d , the f o l l o w i n g sequence
should be e m p l o y e d : (a) pour off c.a. 100 mL into a T e f l o n b o t t l e , and
a c i d i f y with 0.5% (v/v) HO for methyl Hg analys i s ; (b) Add H N O s t o t h e
remaining s a m p l e to make 1.0% ( v / v ) , shake and a l l o w to stand 1 hour;
(c) pour off 100-200 mL into a T e f l o n b o t t l e , and add 0.2N BrCl to make



1% (v/v) in the aliquot (this s a m p l e is for t o t a l Hg analysi s). The original
sample remaining is for GFAAS analysis.

5.2 S a m p l e s for arsenic s p e c i a t i on must be preserved by quick f r e e z i n g in
l iquid nitrogen. For this purpo s e , use 60-125 mL p o l y e t h y l e n e b o t t l e s with
a 2 mm hole d r i l l e d in the cap. The hole is necessary to avoid b o t t l e
e x p l o s i o n upon thawing due to r a p i d e v a p o r a t i o n of l i qu id ni trogen
inseepage.

5.3 S a m p l e s may also be sent back to the laboratory unpreserved if they are 1)
c o l l e c t e d in t e f l o n bo t t l e s , 2) f i l l e d to the top with no head space, and 3)
send at 1-4 °C by overnight mail. The sample s should be acid preserved
soon a f t e r arrival at the labora tory (wi th in 48 hours). S a m p l e s to be
analyzed for d i s s o l v e d / p a r n c u l a t e or v o l a t i l e Hg spec ia t ion must be
stored in this manner until analys i s of these very l a b i l e parameters.
Unpreserved sampl e s have been found s t a b l e (for Hg sp e c ia t i on) for a t
least 1 week, when stored in T e f l o n bo t t l e s .

5.4 S a m p l e s which are acid preserved may lose Hg to c oagu la t ed organic
materials in the water or condensed on the walls (Bloom, 1994). The best
a p p r o a c h is to add BrCl d i r e c t ly to the s a m p l e b o t t l e at least 24 hours
be fore analysis. If other Hg species are to be analyzed , these aliquots must
be removed prior to the a d d i t i o n of BrCl. If BrCl cannot be a d d e d direct ly
to the s ampl e b o t t l e , then it should be v i g o r o u s l y shaken prior to sub-
sampling.

5.5 All handl ing of the samples in the lab should be undertaken in a mercury-
free clean air bench, a f t e r rinsing the o u t s i d e of the b o t t l e s in low Hg
water, and drying in the clean air hood.
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SOP for
Benthos S a m p l i n g

The s a m p l i n g t e c h n i q u e s de scribed be low w i l l c o l l e c t l i v e a n i m a l s , some o f which may
be pr eda t ory . Because the se s a m p l e s w i l l be used for a n a l y s i s of mercury, pr e s e rva t iv e s
s h o u l d not be used. A n i m a l s s h o u l d be narcot ized w i t h c lub soda and p l a c e d on ice w h i l e
in the f i e l d t o min imiz e p r e d a t i o n . S a m p l e s s h o u l d be proces sed i m m e d i a t e l y upon return
f r o m the f i e l d to s epara t e the c o l l e c t e d inver t ebra t e s f r om any s ed iment in the s a m p l e , and
then f roz en . Do not f r e eze the s a m p l e b e f or e the an imal s have been c o m p l e t e l y s eparat ed
f r o m the s e d i m e n t , o therwi s e t i s s u e damage may occur and f l u i d s may be l o s t .
I n v e r t e b r a t e s a m p l e s s h o u l d be s h i p p e d f r oz en to the a n a l y t i c a l laboratory.
S T R E A M S A M P L I N G
The two t e chnique s de s cr ibed below may be used s e p a r a t e l y , or in combinat ion. The drift
net may be set at the t a i l of the p o o l , w h i l e the Eckman grab is used to s a m p l e the
s ed iment f u r t h e r ups tream. In t h i s f a s h i o n , a n i m a l s d i s t u r b e d by the grab s a m p l i n g
a c t i v i t i e s may be c o l l e c t e d in the drift net.
Dri f t N e t
materials:

dri f t ne t
p l a s t i c wash b o t t l e
waders or hip boots
s a m p l e b o t t l e s
l a b e l s
cooler w i t h ice
c lub soda
aquarium d ip n e t ( f i n e mesh)

procedure:
The dr i f t n e t c o l l e c t s inver t e bra t e s ( i n s e c t s and other mobi l e an imal s l i k e a m p h i p o d s ) that
have emerged f r o m the s ediment or f r o m be low rocks and have begun to d r i f t
downstream. The drift net s h o u l d be set in r e l a t i v e l y s h a l l o w water (< 3 f e e t ) at the t a i l or
head of the poo l . Set the net by s l i d i n g the two anchor p o l e s t h rough the s id e s of the net.
P l a c e the net in p o s i t i o n , and pu sh the p o l e s in to the s ed iment . Ensure that the net w i l l
not be pu shed over by the current.
The o b j e c t i v e i s to c o l l e c t as many i n v e r t e b r a t e s as p o s s i b l e . Ideal t ime s for s e t t i n g the
net are in the l a t e a f t e r n o o n to d u s k , or in the e a r l y morning, as stream inver t ebra t e s t end
to be most a c t i v e at the se t ime s . The net can be left for any reasonable period of t ime
b e f o r e recovery. I n v e r t e b r a t e s can be "encouraged" to d r i f t by d i s t u r b i n g the s e d i m e n t , or
o v e r t u r n i n g s tones up s t r eam of the net.



The dr i f t ne t i s recovered by p u l l i n g th e p o l e s f rom the s e d i m e n t , and then l i f t ing th e
mouth of the net to the water sur face . The an imal s w i l l be c o l l e c t e d at the end of the net.
T h e r e s hou ld be l i t t le s e d imen t in the net. E m p t y the c on t en t s of the net i n t o a l a b e l e d
s a m p l e b o t t l e ; i f necessary, wash the a n i m a l s f r om the net u s ing a minimal amount of
water. Add c l u b soda to the s a m p l e b o t t l e to narco t ize the inver t e b ra t e s , and p l a c e the
s a m p l e on ice; t h i s w i l l h e l p prevent p r e d a t i o n in the s ampl e .
In the l a bora t o ry , the c l u b soda s h o u l d be c a r e f u l l y poured of f and the an imal s s eparated
f r o m any remaining s e d i m e n t . If a s u f f i c i e n t q u a n t i t y o f animal s i s o b t a i n e d , the a n i m a l s
may be sorted in to m a j o r t axonomi c groups . Otherwise, the animal s s hou ld be kep t as a
s i n g l e s a m p l e . Blo t th e excess moi s ture f r om the an imal s u s ing p a p e r t o w e l s , and t r a n s f e r
the a n i m a l s to a s a m p l e b o t t l e . Label the b o t t l e and freeze.

Eckman Grab
materials:

Eckman grab s a m p l e r
e x t e n s i o n h a n d l e f or grab
waders or hip boots
5 - g a l l o n b u c k e t ( s )
N y t e x mesh sieves: 300 um mesh size [ m e t a l sieves must be a v o i d e d ]
p l a s t i c wash b o t t l e
s a m p l e b o t t l e s
l a b e l s
cooler wi th ice
c lub soda
aquarium d i p n e t ( f i n e mesh)

procedure:
The grab s a m p l e r c o l l e c t s inver t e bra t e s that are present in the u p p e r 4 to 6 inches of
stream s ed iment . The Eckman grab is d e s i g n e d to work best in s o f t s e d i m e n t s composed
of f i n e sand to mud. Because the Eckman grab on ly covers an area of 6 inches by 6
inche s , m u l t i p l e grab s a m p l e s may need to be c o l l e c t e d to obtain s u f f i c i e n t a n i m a l s for
ana ly s i s .
A s s e m b l e the grab s a m p l e r w i t h the e x t e n s i o n h a n d l e . Open and lock the j a w s of the
grab. Be c a r e f u l not to p l a c e h a n d s , f i n g e r s , or f e e t between the open j a w s of the grab or
i n j u r y may r e s u l t .
W a l k out i n t o a p o o l , and p l a c e the s a m p l e r v e r t i c a l l y on the s e d imen t . Care s h o u l d be
taken w h i l e w a d i n g , and a route for the return to shore s h o u l d be d e c id ed on be fore
c o l l e c t i n g th e s a m p l e . The s a m p l e r may b e g e n t l y pu shed in to th e t op h a l f - i n c h o f
s e d i m e n t . Do not p u s h too d e e p l y , or the grab w i l l not operate p r o p e r l y . T r i g g e r the



release mechanism on the grab. Lift the grab v e r t i c a l l y out of the s ed iment and carry the
grab to shore.
Open the j a w s of the grab over the 5 - g a l l o n bucket , and e m p t y the s ed iment into the
bucket. D e p e n d i n g on the size of the s ieve, p l a c e a p o r t i o n of the s ed iment in the sieve.
G e n t l y shake the sieve u s i n g and u p - a n d - d o w n , or s i d e - t o - s i d e , motion w h i l e the bo t t om
of the sieve i s in the water. T h i s t e chn ique w i l l f l o a t the a n i m a l s , w h i l e a l l o w i n g the
s ed iment to pas s through the sieve. Be c a r e f u l not to wash animal s over the top of the
sieve. The amount of s e d imen t t h a t w i l l pass through the sieve i s d e p e n d e n t on the
s e d i m e n t grain s ize, and the amount of s ed iment initially p l a c e d on the sieve.
T r a n s f e r the r emain ing s ed iment and a n i m a l s on the sieve to a l a b e l e d s a m p l e b o t t l e u s i n g
a minimum amount of water. C o n t i n u e u n t i l all the material in the 5 - g a l l o n bucket has
been s i ev ed , or s u f f i c i e n t a n i m a l s have been c o l l e c t e d . Add club soda to the s a m p l e b o t t l e
to narcot ize the inver t ebra t e s , and p l a c e the s a m p l e on ice; t h i s w i l l h e l p prevent
preda t i on in the sample.
In the f i e l d l abora tory , the c lub soda shou ld be c a r e f u l l y poured of f and the a n i m a l s
s eparated f r om any r emain ing s ed iment . If o n l y a smal l amount of sediment is pr e s en t ,
the a n i m a l s may be picked out and t ran s f e rr ed to a s a m p l e b o t t l e u s ing n o n - m e t a l l i c
f o r c e p s . If a q u a n t i t y of s ed iment is pr e s en t , the larger, e a s i l y v i s i b l e , a n i m a l s can be
removed u s i n g n o n - m e t a l l i c f o r c e p s .
The animal s s h ou ld be removed f rom the remaining s ediment us ing an e l u t r i a t i o n
t echnique. T r a n s f e r the sediment to a three to f i v e l i t e r bucket. Add cold water to the
bucket t o a p p r o x i m a t e l y three t imes the volume o f the s ed iment . Stir the s ed iment . S w i r l
the bucket to l i f t the a n i m a l s f r om the sediment and pour the water t hrough a f i n e - m e s h
aquarium dip net. Because the animal s are still a l i v e , th ey may try to swim down to the
bo t t om of the bucke t ; rapid s w i r l i n g and p o u r i n g w i l l m i n i m i z e t h i s . Some s ed iment may
be e l u t r i a t e d w i th the a n i m a l s , t h i s i s normal. Three to f i v e rinses per batch of s ed iment
are g e n e r a l l y required.

If a s u f f i c i e n t q u a n t i t y of a n i m a l s is o b t a i n e d , the an imal s may be sorted in to major
taxonomic groups. Otherwise , the a n i m a l s s h o u l d be kept as a s i n g l e s a m p l e . Blot the
exces s mois ture f rom the a n i m a l s u s i n g p a p e r t o w e l s , and t r a n s f e r the animal s to a s a m p l e
b o t t l e . Label the b o t t l e and freeze.

R E S E R V O I R S A M P L I N G
Reservoir s a m p l i n g w i l l be c onduc t ed u s i n g a grab s a m p l e r . The grab s a m p l e r may be
e i th er a p e t i t e Ponar grab or the Eckman grab. S a m p l i n g i s l i m i t e d to waters l e s s than
100 f e e t d e ep us ing e i ther of these grabs.
materials:

P e t i t e Ponar [or Eckman grab] s a m p l e r



rope
f l a t - b o t t o m boat
5 - g a l l o n b u c k e t ( s )
N y t e x mesh sieves: 300 um mesh size [ m e t a l sieves must be a v o i d e d ]
p l a s t i c wash b o t t l e
s a m p l e b o t t l e s
l a b e l s
coo l er w i t h ice
c lub soda
aquarium d i p n e t ( f i n e me sh)

procedure:
The p e t i t e Ponar grab s a m p l e r c o l l e c t s inver tebrate s that are present in the u p p e r 1 to 2
inche s of lake s e d i m e n t , whereas the Eckman grab can c o l l e c t s a m p l e s to 4 to 6 inches
d e p t h . Both grabs are d e s i g n e d to work best in s o f t s ed iment s composed of f i n e sand to
mud. The p e t i t e Ponar grab may be used in s l i g h t l y coarser s ed iment s than the Eckman.
The Eckman grab must be t r iggered wh i l e it is v er t i ca l , and may th e r e f o r e be l i m i t e d to
s h a l l o w e r water than the Ponar. Because the grabs o n l y cover a r e l a t i v e l y small area,
m u l t i p l e grab s a m p l e s may need to be c o l l e c t e d to obtain s u f f i c i e n t a n i m a l s for analy s i s .
The f o l l o w i n g d i s c u s s i o n w i l l de s cr ibe d e p l o y m e n t o f t h e p e t i t e Ponar grab wi th l i m i t e d
d i s c u s s i o n of the Eckman grab.
A s s e m b l e the Ponar s a m p l e r , open and lock the j a w s of the grab. Be care fu l not to p l a c e
h a n d s , f i n g e r s , or f e e t between the open j a w s of the grab or i n j u r y may r e su l t .

[The Eckman s a m p l e r i s as sembled by s l i d i n g the messenger onto the
rope, and then f e e d i n g the rope through the yoke of the s a m p l e r and
k n o t t i n g the rope.]

Lower the s a m p l e r over the s ide of the boat b e ing car e fu l to mainta in t en s ion on the l i n e
to prevent the j a w s of the grab f r om c l o s i n g . W h e n the Ponar grab reaches the bo t tom,
release the t e n s i o n on the rope, thu s r e l e a s i n g the hook h o l d i n g the j a w s open. Apply
t e n s i o n to the rope in a smooth manner, c l o s i n g the j a w s and li f t ing the grab f r om the
bo t t om. Haul the grab to the surface .

[If the Eckman grab is used, t en s i on s h o u l d be mainta ined on the rope
when the grab reaches the bot tom. Care shou ld be taken to minimize any
rocking o f the boat, a s t h i s w i l l l i f t the grab of f the bottom. The grab i s
t r i g g e r e d by a l l o w i n g the mes senger to s l i d e down the rope to the grab.
Once the grab has been t r i g g e r e d , it may be hauled to the s u r f a c e . ]

Open the j a w s of the grab over the 5 - g a l l o n bucke t , and e m p t y the s ed iment in to the
bucket . D e p e n d i n g on the size of the s ieve, p l a c e a p o r t i o n of the s ed iment in the sieve.
G e n t l y shake the sieve u s i n g and u p - a n d - d o w n , or s i d e - t o - s i d e , mot ion w h i l e the bo t t om
o f t h e sieve i s i n t h e water. T h i s t e c h n i q u e w i l l f l o a t t h e a n i m a l s , w h i l e a l l o w i n g t h e



s ed iment to pas s t hrough the sieve. Be c a r e f u l not to wash an imal s over the top of the
sieve. The amount of s ed iment tha t w i l l pa s s t h r o u g h the sieve i s d e p e n d e n t on the
s ed iment grain size, and the amount of s ed iment i n i t i a l l y p l a c e d on the sieve.
T r a n s f e r the r e m a i n i n g s ed iment and a n i m a l s on the sieve to a l a b e l e d s a m p l e b o t t l e u s i n g
a m i n i m u m amount of water. C o n t i n u e u n t i l al l the mat er ia l in the 5 - g a l l o n bucket has
been s i ev ed , or s u f f i c i e n t a n i m a l s have been c o l l e c t e d . Add c lub soda to the s a m p l e b o t t l e
to narcot ize the i n v e r t e b r a t e s , and p l a c e the s a m p l e on ice; t h i s w i l l h e l p prevent
p r e d a t i o n in the s a m p l e .
In the f i e l d l a bora t o ry , the c l u b soda s h o u l d be c a r e f u l l y poured of f and the a n i m a l s
s eparated f r o m any r emain ing s e d i m e n t . If on ly a smal l amount of s ed iment i s p r e s e n t ,
the a n i m a l s may be p i c k e d out and t r a n s f e r r e d to a s a m p l e b o t t l e u s ing n o n - m e t a l l i c
f o r c e p s . If a q u a n t i t y of s e d i m e n t i s p r e s e n t , the larger , ea s i ly v i s i b l e , a n i m a l s can be
removed u s i n g n o n - m e t a l l i c f o r c e p s .
The a n i m a l s s h o u l d be removed f r om the r emaining s ed imen t u s i n g an e l u t r i a t i o n
t e chnique . T r a n s f e r the s e d imen t to a three to f i v e l i t e r bucket. Add co ld water to the
bucket t o a p p r o x i m a t e l y three t ime s th e vo lume o f th e s ed iment . St ir th e s ed iment . S w i r l
the bucket to l i f t the a n i m a l s f r om the s ed iment and pour the water through a f i n e - m e s h
aquarium dip net. Because the a n i m a l s are s t i l l a l iv e , they may try to swim down to the
bo t t om of the bucke t; r a p i d s w i r l i n g and p o u r i n g w i l l minimize t h i s . S o m e s ed iment may
be e l u t r i a t e d w i t h the a n i m a l s , t h i s i s normal. T h r e e to f i v e rinses per batch of s ed iment
are g e n e r a l l y required.
If a s u f f i c i e n t q u a n t i t y of a n i m a l s i s o b t a i n e d , the an imal s may be sorted in to m a j o r
t a x o n o m i c groups . Otherwise , the a n i m a l s s hou ld be kept as a s i n g l e s a m p l e . Blo t the
excess mois ture f rom the a n i m a l s u s i n g p a p e r t o w e l s , and t r a n s f e r the a n i m a l s to a s a m p l e
b o t t l e . Label the b o t t l e and freeze .
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A c k n o w l e d g e m e n t s
T h i s s a m p l i n g method w a s p r e p a r e d under t h e d i r e c t i o n o f W i l l i a m A . T e l l i a r d o f t h eEngine er ing a n d A n a l y s i s Divis ion ( H A D ) wi th in t h e U . S . Environmental A g e n c y ' s ( E P A ' s )O f f i c e o f Sci ence a n d T e c h n o l o g y ( O S T ) . T h i s s a m p l i n g method w a s p r e p a r e d under E P AContrac t 68-C3-0337 by the DynCorp Environmental Programs Divi s ion, wi th a s s i s tance f r o m
I n t e r f a c e , Inc.
T h e f o l l o w i n g researchers c on tr i bu t ed t o t h e p h i l o s o p h y behind th i s s a m p l i n g m e t h o d . T h e i rcontribution i s g r a t e f u l l y a cknowl edged:
S h i e r Herman, N a t i o n a l Research Counc i l , Ottawa, Ontario, C a n a d a ;N i c h o l a s Bloom, F r o n t i e r Geosciences Inc , S e a t t l e , W a s h i n g t o n ;Eric Crece l iu s , B a t t e l l e Marine Science s Labora tory, Sequim, W a s h i n g t o n ;Russell F l e g a l , Univers i ty o f C a l i f o r n i a / S a n t a Cruz, C a l i f o r n i a ;Gary G i l l , T e x a s A & M U n i v e r s i t y a t G a l v e s t o n , T e x a s ;C a r l t o n H u n t and Dion Lewis, B a t t e l l e Ocean Sciences , Duxbury, M a s s a c h u s e t t s ;Carl W a t r a s , Wiscons in Department o f N a t u r a l Resources, Boulder J u n c t i o n , W i s c o n s i n
A d d i t i o n a l s u p p o r t w a s p r o v i d e d b y T e d M a r t i n o f t h e E P A O f f i c e o f Research a n dD e v e l o p m e n t ' s Environmental M o n i t o r i n g S y s t e m s L a b o r a t o r y in C i n c i n n a t i , Ohio and byA r t h u r H o r o w i t z o f th e U . S . G e o l o g i c a l Survey.
T h i s version o f t h e method wa s p r e p a r e d a f t e r ob s ervat ions o f s a m p l i n g t eams f r o m th eU n i v e r s i t y o f C a l i f o r n i a a t S a n t a Cruz, th e W i s c o n s i n D e p a r t m e n t o f N a t u r a l Resources, th eU . S . G e o l o g i c a l Survey, and B a t t e l l e Ocean Sciences . The a s s i s tance o f personnel d e m o n s t r a t i n gthe s a m p l i n g techniques used by these i n s t i t u t i o n s is g r a t e f u l l y a cknowl edged .

D i s c l a i m e r
T h i s s a m p l i n g method has been reviewed and a p p r o v e d for p u b l i c a t i o n by the A n a l y t i c a lM e t h o d s S t a f f w i th in t h e E n g i n e e r i n g a n d A n a l y s i s D i v i s i o n o f t h e U . S . E n v i r o n m e n t a lP r o t e c t i o n A g e n c y . M e n t i o n of t r a d e names or commercial p r o d u c t s does not c o n s t i t u t eendorsement or recommendation for use.

F u r t h e r I n f o r m a t i o n
F o r f u r t h e r i n f o r m a t i o n , contact:
W . A . T e l l i a r dEngineering and A n a l y s i s Division (4303)U . S . Environmental Protec t ion Agency401 M S t r e e t , SWW a s h i n g t o n , DC 20460Phone: 202/260-7134
F a x : 202/260-7185
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I n t r o d u c t i o n
T h i s s a m p l i n g method was de s igned to s u p p o r t water q u a l i t y moni tor ing programs author izedunder the C l e a n W a t e r A c t . S e c t i o n 304(a) o f th e C l e a n W a t e r Act requires EPA to p u b l i s hwater q u a l i t y cr i t er ia that r e f l e c t t h e l a t e s t s c i e n t i f i c k n o w l e d g e concerning t h e p h y s i c a l f a t e(e.g., concentrat ion and d i s p e r s a l ) o f p o l l u t a n t s , the e f f e c t s o f p o l l u t a n t s on e c o l o g i c a l andhuman h e a l t h , and the e f f e c t of p o l l u t a n t s on b i o l o g i c a l community d i v e r s i t y , p r o d u c t i v i t y , ands t a b i l i t y .
S e c t i o n 303 of the C l e a n W a t e r Act requires s t a t e s to s e t a water q u a l i t y s t a n d a r d for eachbody of water wi th in i t s boundaries . A s t a t e water q u a l i t y s t a n d a r d c o n s i s t s o f a d e s i g n a t e d
use or uses of a w a t e r b o d y or a segment of a wat erbody, the water q u a l i t v c r i t e r i a t h a t arenecessary to p r o t e c t the d e s i g n a t e d use or uses, and an a n t i d e g r a d a t i o n p o l i c y . T h e s e waterq u a l i t v s t a n d a r d s serve t w o purpo s e s : ( 1 ) they e s t a b l i s h t h e water q u a l i t y g o a l s f o r a s p e c i f i cw a t e r b o d y , and (2) they are the basis for e s t a b l i s h i n g water q u a l i t y - b a s e d tr ea tment c o n t r o l sand s trategie s beyond the technology-based controls required by Sect ions 301 (b) and 306 of theC l e a n W a t e r A c t .
In d e f i n i n g water q u a l i t y s t a n d a r d s , the s t a t e may use narrative c r i t e r ia , numeric c r i t e r i a , orboth. However , the 1987 amendments to the C l e a n W a t e r Act required s t a t e s to a d o p t numericcr i t er ia f or t ox i c p o l l u t a n t s ( d e s i g n a t e d in S e c t i o n 3 0 7 ( a ) o f th e A c t ) based on EPA S e c t i o n
304(a) cri teria or other s c i e n t i f i c d a t a , when the d i s c h a r g e or presence of those t o x i c p o l l u t a n t scould reasonably be expected to i n t e r f e r e with d e s i g n a t e d uses.
In some cases, these water q u a l i t y cri teria are as much as 280 rimes lower than those a ch i evab l eusing e x i s t ing EPA methods and required to s u p p o r t t e chnology-based permit s . T h e r e f o r e , t h i ss a m p l i n g me thod , and the a n a l y t i c a l me thod s r e f e r enc ed in T a b l e 1 of t h i s d o c u m e n t , wered e v e l o p e d by EPA to s p e c i f i c a l l y a d d r e s s s t a t e needs for measuring t o x i c m e t a l s a t waterq u a l i t y criteria l ev e l s , when such measurements are necessary to pro t e c t d e s i g n a t e d uses in s t a t ewater q u a l i t y s t a n d a r d s . The l a t e s t c r i t er ia p u b l i s h e d by EPA are those l i s t e d in the N a t i o n a lT o x i c s Rule (57 FR 60848) and the S t a y o f F e d e r a l W a t e r Q u a l i t y C r i t e r i a f or M e t a l s (60 FR2222S). T h e s e rule s i n c l u d e water q u a l i t y criteria for 13 me ta l s , and it is these cr i t er ia on whichthi s s a m p l i n g method and the re ferenced a n a l y t i c a l methods are based.
In d e v e l o p i n g these m e t h o d s , EPA f o u n d tha t one o f th e g r e a t e s t d i f f i c u l t i e s in mea sur ingp o l l u t a n t s a t these l e v e l s w a s p r e c l u d i n g s a m p l e c o n t a m i n a t i o n d u r i n g c o l l e c t i o n , t r a n s p o r t ,and a n a l y s i s . The degree of d i f f i c u l t y , however, i s h i g h l y d e p e n d e n t on the me ta l and s i t e -s p e c i f i c c o n d i t i o n s . T h i s me thod , t h e r e f o r e , i s d e s i g n e d t o p r o v i d e t h e l ev e l o f p r o t e c t i o n
necessary to p r e c l u d e contaminat ion in nearly al l s i t u a t i o n s . It i s a l s o d e s i g n e d to p r o v i d e theproc edure s necessary to p r o d u c e r e l i a b l e r e s u l t s a t the lowest p o s s i b l e water q u a l i t v c r i t e r i ap u b l i s h e d by E P A . In recognit ion of the variety of s i t u a t i o n s to which t h i s method may be
a p p l i e d , and in recognit ion of c on t inu ing t e c h n o l o g i c a l advances , the method is p e r f o r m a n c e -based. A l t e r n a t i v e procedure s may be used, so l o n g as those pro c edure s are d e m o n s t r a t e d toyi e ld r e l i a b l e re sul t s .
Requests for a d d i t i o n a l cop i e s of t h i s method shou ld be d i r e c t ed to:
U . S . E P A N C E P I11029 Kenwood RoadC i n c i n n a t i , OH 452425 1 3 / 4 8 9 - 8 1 9 0
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N o t e : T h i s document is in t ended as gu idance only. Use of the terms "must," "may," and"should" are i n c l u d e d to mean that EPA believes that these procedures must, may, orshou ld be f o l l o w e d in order to produce the desired re su l t s when using this guidance. Ina d d i t i o n , the gu idance is in t ended to be per formance-ba s ed , in that the use of l e s ss tringent procedures may be used so long as neither sampl e s nor blanks arecontaminated when f o l l o w i n g those m o d i f i e d procedures. Because the only way tomeasure the p er f ormance of the m o d i f i e d procedures is through the c o l l e c t i o n anda n a l y s i s of uncontaminated blank s a m p l e s in accordance with this gu idanc e and thereferenced methods , it is h igh ly recommended that any m o d i f i c a t i o n s be t h o r o u g h l ye v a l u a t e d and demons trated to be e f f e c t i v e b e f o r e f i e l d s a m p l e s are c o l l e c t e d .

lull/ 1996



M e t h o d 1669
S a m p l i n g A m b i e n t W a t e r f o r Det erminat i on o f M e t a l s a t E P A W a t e r Q u a l i t y

Criter ia L e v e l s

1.0 S c o p e and A p p l i c a t i o n
1.1 T h i s method i s for the c o l l e c t i o n and f i l t r a t i o n o f ambient water s a m p l e s for subsequentde t e rmina t i on of t o t a l and d i s s o l v e d m e t a l s at the l e v e l s l i s t e d in T a b l e 1 . It i s d e s i g n e dt o s u p p o r t th e i m p l e m e n t a t i o n o f water q u a l i t y mon i t o r ing and p e r m i t t i n g p r o g r a m sadmini s t ered under th e C l e a n W a t e r A c t .
1.2 T h i s method i s a p p l i c a b l e to the m e t a l s l i s t e d below and other m e t a l s , m e t a l s s p e c i e s ,and e l ement s amenable to d e t e rmina t i on at trace l ev e l s .

C h e m i c a l A b s t r a c t S e r v i c e s
A n a l y t e Symbol R e g i s t r y N u m b e r ( C A S R N )

Antimony
Arsenic
Cadmium
Chromium ( H I )
Chromium ( V I )
C o p p e r
Lead
Mercury
Nickel
Selenium
S i l v e r
T h a l l i u m
Zinc

( S b )
( A s )
( C d )
Cr+3
Cr+6
( C u )
( P b )
( H g )
( N i )
( S e )
( A g )
( T l )
( Z n )

7440-36-0
7440-38-2
7440-43-9

16065-83-1
18540-29-9
7440-50-8
7439-92-1
7439-97-6
7440-02-0
7782-49-2
7440-22-4
7440-28-0
7440-66-6

1.3 T h i s method is a c compani ed by the 1600 series m e t h o d s l i s t e d in T a b l e 1. T h e s e
m e t h o d s i n c l u d e t h e s a m p l e h a n d l i n g , a n a l y s i s , a n d q u a l i t y c on t ro l p r o c e d u r e snecessary for r e l i a b l e d e t e r m i n a t i o n of trace m e t a l s in aqueous s a m p l e s .

1.4 T h i s method i s not i n t e n d e d for d e t e r m i n a t i o n of m e t a l s at c o n c e n t r a t i o n s n o r m a l l yf o u n d in treated and untreated d i s charge s f r o m i n d u s t r i a l f a c i l i t i e s . E x i s t i n g r e g u l a t i o n s(40 CFR Part s 400-500) t y p i c a l l y l imi t concentrat ions in i n d u s t r i a l d i s c h a r g e s to the midto high p a r t - p e r - b i l l i o n ( p p b ) range, whereas ambient m e t a l s concentrat ions are n o r m a l l yin the low p a r t - p e r - t r i l l i o n (ppt) to low ppb range. T h i s g u i d a n c e i s t h e r e f o r e d i r e c t e d a tthe c o l l e c t i o n of s a m p l e s to be measured at or near the l e v e l s l i s t e d in T a b l e 1. A c t u a lc onc en tra t i on ranges to which t h i s g u i d a n c e i s a p p l i c a b l e w i l l be d e p e n d e n t on thes a m p l e ma tr i x , d i l u t i o n l e v e l s , and other l a b o r a t o r y o p e r a t i n g c o n d i t i o n s .
1.5 The ease o f c o n t a m i n a t i n g ambient water s a m p l e s w i th the m e t a l ( s ) o f i n t e r e s t andi n t e r f e r i n g sub s tance s cannot b e o v e r e m p h a s i z e d . T h i s me thod i n c l u d e s s a m p l i n g

t e chnique s t h a t s hou ld maximize t h e a b i l i t y o f t h e s a m p l i n g t eam t o c o l l e c t s a m p l e sr e l i a b l y and e l imina t e s a m p l e c on taminat ion. T h e s e t e chnique s are given in S e c t i o n 8.0and are based on f i n d i n g s of researchers p e r f o r m i n g trace m e t a l s a n a l y s e s ( R e f e r e n c e s 1-
9 ) .

/ n / y 2996
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1.6 C l e a n and U l t r a c l e a n — T h e terms "clean" and " u l t r a c l e a n " have been used in o t h e rA g e n c y guidance to describe the techniques needed to reduce or e l iminate c on tamina t i onin trace metal s determinations. The s e terms are not used in this s a m p l i n g method due toa lack of exact d e f i n i t i o n s . H o w e v e r , the i n f o r m a t i o n p r o v i d e d in t h i s method isconsistent with summary guidance on clean and u l t r a c l e a n techniques ( R e f e r e n c e 10).
1 . 7 T h i s s a m p l i n g method f o l l o w s t h e E P A Environmental M e t h o d s M a n a g e m e n t C o u n c i l ' s"Format for Method Documentation" (Reference 11).
1.8 M e t h o d 1669 is "per formance-based"; i.e., an a l t e r n a t e s a m p l i n g proc edure or t e chn iquemay be used, so long as neither sampl e s nor blanks are contaminated when f o l l o w i n g thea l t e r n a t e procedures . Because the only way to measure the p e r f o r m a n c e of the a l t e r n a t eprocedure s is through the c o l l e c t i o n and ana ly s i s of uncontaminated b l a n k s a m p l e s in

accordance w i th t h i s g u i d a n c e and the m e t h o d s r e f e r e n c e d in T a b l e 1 , i t i s h i g h l yrecommended tha t any m o d i f i c a t i o n s be t h o r o u g h l y e v a l u a t e d and d e m o n s t r a t e d to bee f f e c t i v e b e f o r e f i e l d s a m p l e s ar e c o l l e c t e d . S e c t i o n 9 .2 p r o v i d e s a d d i t i o n a l d e t a i l s onthe t e s t s and d o c u m e n t a t i o n required to s u p p o r t equivalent p e r f o r m a n c e .
1.9 For d i s s o l v e d metal de t erminat ions , s ampl e s must be f i l t e r e d through a 0.45 (am c a p s u l e

f i l t e r a t th e f i e l d site. The f i l t e r i n g procedure s are described in this method. The f i l t e r e ds a m p l e s may be preserved in the f i e l d or t ran spor t ed to the l a b o r a t o r y for pre s erva t i on .Procedures f o r f i e l d pre s ervat ion ar e d e t a i l e d in this s a m p l i n g m e t h o d ; pro c edure s f o rlabora tory preservation are p r o v i d e d in the me thod s re f erenced in T a b l e 1. Pre s erva t i onrequirements are summarized in T a b l e 2.
1.10 The procedure s in thi s method are for use only by personnel t h o r o u g h l y trained in thec o l l e c t i o n o f s a m p l e s for d e t e rminat i on o f me ta l s a t ambient water q u a l i t y control l e v e l s .
2.0 Summary of M e t h o d
2.1 Before s a m p l e s are c o l l e c t e d , all s a m p l i n g equipment and s a m p l e containers are c leaned

in a l a b o r a t o r y or c l ean ing f a c i l i t y us ing d e t e r g e n t , mineral a c id s , and reagent water asdescribed in the me thods r e f er enced in T a b l e 1. The l a b o r a t o r y or c l e a n i n g f a c i l i t y isr e s p o n s i b l e f or g e n e r a t i n g an a c c e p t a b l e equ ipment b l a n k t o d e m o n s t r a t e t h a t th es a m p l i n g equipment and containers are f r e e f r o m trace m e t a l s c on tamina t i on b e f o r e theyare s h i p p e d to the f i e l d s a m p l i n g team. An a c c e p t a b l e b l a n k i s one t h a t i s f r e e f r o mc o n t a m i n a t i o n below t h e minimum level ( M L ) s p e c i f i e d i n t h e r e f e r e n c e d a n a l y t i c a lmethod ( S e c t i o n 9.3).
2 . 2 A f t e r c l e a n i n g , s a m p l e conta iner s a r e f i l l e d w i th weak acid s o l u t i o n , i n d i v i d u a l l yd o u b l e - b a g g e d , a n d s h i p p e d t o t h e s a m p l i n g s i te . A l l s a m p l i n g e q u i p m e n t i s a l s obagged for s torage or sh ipment .

NOTE: EPA has found that, in some cases, it may be possible to empty the weak acid solutionfrom the bottle immediately prior to transport to the field site. In this case, the bottle should be
____ref i l l ed with reagent water (Section 7.2).________________________________
2.3 The l a b o r a t o r y or c l e a n i n g f a c i l i t y must p r e p a r e a l a r g e carboy or o th er a p p r o p r i a t ec l ean container f i l l e d w i th reagent water ( S e c t i o n 7 . 1 ) f o r u s e w i t h c o l l e c t i o n o f f i e l db l a n k s d u r i n g s a m p l i n g a c t i v i t i e s . T h e r e a g e n t - w a t e r - f i l l e d c on ta iner s h o u l d b e s h i p p e dt o the f i e l d s i t e and h a n d l e d a s a l l other s a m p l e containers and s a m p l i n g e q u i p m e n t . Atl e a s t one f i e l d b l a n k s h o u l d be processed per s i t e , or one per every ten s a m p l e s ,

whichever i s more f r e q u e n t ( S e c t i o n 9 .4). If s a m p l e s are to be c o l l e c t e d for d e t e r m i n a t i o n
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o f t r i v a l e n t chromium, the s a m p l i n g team proce s s e s a d d i t i o n a l QC a l i q u o t s areprocessed as described in Sec t i on 9.6.
2.4 U p o n arrival at the s a m p l i n g s i t e , one member of the two-person s a m p l i n g team isd e s i g n a t e d as "d ir ty hands"; the second member is d e s i g n a t e d as "clean hands." Allopera t i on s invo lv ing contact with the s a m p l e b o t t l e and t r a n s f e r o f the s a m p l e f r o m thes a m p l e c o l l e c t i o n device to the s a m p l e b o t t l e are h a n d l e d by the i n d i v i d u a l d e s i g n a t e das "clean hands." "Dirty hands" is r e spon s i b l e for p r e p a r a t i o n of the s a m p l e r ( e x c e p tthe s a m p l e container i t s e l f ) , op e ra t i on o f any machinery, and for a l l other a c t i v i t i e s t h a tdo not involve direc t contact with the s a m p l e .
2.5 All s a m p l i n g equipment and s a m p l e containers used for m e t a l s d e t e r m i n a t i o n s at ornear the l e v e l s l i s t e d in T a b l e 1 must be n o n m e t a l l i c and f r e e f r o m any m a t e r i a l t h a t maycontain me ta l s .
2.6 S a m p l i n g personnel are required to wear clean, nontalc g love s at all t imes when h a n d l i n gs a m p l i n g equipment and sampl e containers.
2.7 In a d d i t i o n to proce s s ing f i e l d b lanks at each s i t e , a f i e l d d u p l i c a t e must be c o l l e c t e d ateach s a m p l i n g s i t e , or one f i e l d d u p l i c a t e per every 10 s a m p l e s , whichever is moref r e q u e n t ( S e c t i o n 9 .5). S e c t i o n 9 .0 gives a c o m p l e t e d e s c r i p t i o n o f q u a l i t y contro lrequirements.
2.8 S a m p l i n g

2.8.1 Whenever p o s s i b l e , s a m p l e s are c o l l e c t e d f a c i n g u p s t r e a m and u p w i n d tominimize introduct ion of contamination.
2.8.2 S a m p l e s may be c o l l e c t e d while working f rom a boat or wh i l e on l a n d .
2.8.3 S u r f a c e s a m p l e s are c o l l e c t e d using a grab s a m p l i n g technique. The p r i n c i p l e o fthe grab t e chnique is to f i l l a s a m p l e b o t t l e by r a p i d immersion in water andc a p p i n g to minimize exposure to airborne p a r t i c u l a t e matter.
2.8.4 S u b s u r f a c e s a m p l e s are c o l l e c t e d by suc t ion of the s a m p l e i n t o an immerseds a m p l e b o t t l e or by p u m p i n g the s a m p l e to the s u r f a c e .

2 .9 S a m p l e s f o r d i s s o l v e d m e t a l s ar e f i l t e r e d t hrough a 0 .45 j am c a p s u l e f i l t e r a t t h e f i e l ds i te. A f t e r f i l t e r i n g , t h e s a m p l e s a r e d o u b l e - b a g g e d a n d iced i m m e d i a t e l y . S a m p l econtainers are s h i p p e d to the a n a l y t i c a l l a b o r a t o r y . The s a m p l i n g equ ipment i s s h i p p e dto the labora tory or c l eaning f a c i l i t y for rec leaning.
2.10 A c i d p r e s e r v a t i o n o f s a m p l e s i s p e r f o r m e d in the f i e l d or in the l a b o r a t o r y . Fie ldp r e s e r v a t i o n i s necessary for d e t e r m i n a t i o n s o f t r i v a l e n t chromium. It ha s a l s o beenshown t h a t f i e l d p r e s e r v a t i o n c a n increase s a m p l e h o l d i n g t imes f o r h e x a v a l e n tchromium to 30 d a y s ; t h e r e f o r e i t i s recommended t h a t p r e s e r v a t i o n of s a m p l e s forhexava l en t chromium be p e r f o r m e d in the f i e l d . For other m e t a l s , however, the s a m p l i n gteam m a y p r e f e r t o u t i l i z e l a b o r a t o r y p r e s e r v a t i o n o f s a m p l e s t o e x p e d i t e f i e l do p e r a t i o n s and to minimize the p o t e n t i a l for s ampl e contaminat ion.
2.11 S a m p l i n g a c t i v i t i e s must be documented through p a p e r or c omput er iz ed s a m p l e t r a c k i n gsys tems.
3.0 D e f i n i t i o n s
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3 . 1 A p p a r a t u s — T h r o u g h o u t t h i s m e t h o d , t h e s a m p l e c o n t a i n e r s , s a m p l i n g d e v i c e s ,in s trumentat ion, and all other m a t e r i a l s and devices used in s a m p l e c o l l e c t i o n , s a m p l ep r o c e s s i n g , and s a m p l e a n a l y s i s a c t i v i t i e s w i l l be r e f e r r e d to c o l l e c t i v e l y as theA p p a r a t u s .
3.2 D e f i n i t i o n s of other terms are given in the G l o s s a r y ( S e c t i o n 15.0) at the end of t h i smethod.
4.0 C o n t a m i n a t i o n and I n t e r f e r e n c e s
4.1 C o n t a m i n a t i o n Problems in T r a c e M e t a l s A n a l y s i s

4.1.1 P r e v e n t i n g ambient water s a m p l e s f r o m becoming c o n t a m i n a t e d d u r i n g thes a m p l i n g and a n a l y t i c a l process i s the grea t e s t c h a l l e n g e f a c e d in trace m e t a l sd e t e rmina t i on s . In recent years, it has been shown tha t much of the h i s t o r i c a ltrace me ta l s d a t a c o l l e c t e d in ambient water are erroneous ly h i g h because the
concentra t i on s r e f l e c t c on taminat i on f r o m s a m p l i n g a n d a n a l y s i s ra th er t h a nambient l e v e l s ( R e f e r e n c e 12). T h e r e f o r e , it is i m p e r a t i v e t h a t ex treme care be
taken to avoid c o n t a m i n a t i o n when c o l l e c t i n g and a n a l y z i n g ambient waters a m p l e s f or trace metal s .

4.1.2 T h e r e are numerous routes by which s a m p l e s may become c o n t a m i n a t e d .Potent ia l sources o f trace me ta l s contaminat ion d u r i n g s a m p l i n g i n c l u d e m e t a l l i cor metal-containing s a m p l i n g equipment, containers, labware (e.g. t a l c gloves that
contain h igh l e v e l s o f zinc), reagent s , and de ionized water; i m p r o p e r l y c l eanedand stored equ ipmen t , labware, and reagent s; and a t m o s p h e r i c i n p u t s such asd ir t and dust f r o m a u t o m o b i l e exhaus t , c i g a r e t t e smoke, nearby roads , b r i d g e s ,wires, and p o l e s . Even human contact can be a source of trace m e t a l scontaminat ion. For e x a m p l e , i t has been d e m o n s t r a t e d tha t d e n t a l work (e .g . ,mercury amalgam f i l l i n g s ) in the mouths of l a b o r a t o r y personnel can contaminates a m p l e s tha t are d i r e c t l y exposed to e x h a l a t i o n ( R e f e r e n c e 3).

4.2 Contaminat ion Control
4.2.1 P h i l o s o p h y — T h e p h i l o s o p h y behind c on tamina t i on control i s to ensure t h a t any

o b j e c t or subs tance tha t c on ta c t s the s a m p l e i s n o n m e t a l l i c and f r e e f r o m anvmaterial that may contain metal s of concern.
4.2.1.1 The i n t e g r i t y o f the r e s u l t s p r o d u c e d cannot be c o m p r o m i s e d by

contaminat ion o f s a m p l e s . Requirements and s u g g e s t i o n s f o r c o n t r o l l i n gs a m p l e c o n t a m i n a t i o n are given in t h i s s a m p l i n g method and in thea n a l y t i c a l me thod s referenced in T a b l e 1.
4.2.1.2 Sub s tanc e s in a s a m p l e or in the surrounding environment cannot bea l l o w e d t o c on taminat e th e A p p a r a t u s used t o c o l l e c t s a m p l e s f o r trace

m e t a l s measurements. Requirements and s u g g e s t i o n s f o r p r o t e c t i n g th eA p p a r a t u s are given in t h i s s a m p l i n g me thod and in the m e t h o d sreferenced in T a b l e 1.
4.2.1.3 W h i l e c o n t a m i n a t i o n control i s e s s e n t i a l , p e r s onne l h e a l t h a n d s a f e t yremain the h ighe s t p r i o r i t y . Requirements and s u g g e s t i o n s for per sonne ls a f e t y are given in S e c t i o n 5 of th i s s a m p l i n g method and in the m e t h o d sre f e r enc ed in T a b l e 1.
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4.2.2 A v o i d i n g c o n t a m i n a t i o n — T h e best way to c on tro l c o n t a m i n a t i o n i s toc o m p l e t e l y avoid exposure of the s a m p l e and A p p a r a t u s to contaminat ion in thef i r s t p lace . A v o i d i n g exposure means p e r f o r m i n g operat ions in an area known tob e f r e e f r o m c o n t a m i n a t i o n . T w o o f t h e most i m p o r t a n t f a c t o r s i na v o i d i n g / r e d u c i n g s a m p l e c o n t a m i n a t i o n ar e (1) an awareness o f p o t e n t i a lsources o f c on tamina t i on and (2) s t r i c t a t t e n t i o n to work being p e r f o r m e d .T h e r e f o r e , it is i m p e r a t i v e t h a t the p r o c e d u r e s de s cr ibed in t h i s method becarried out by wel l t r a i n e d , exper i enced personnel . Documen ta t i on of t r a i n i n gshould be kept on f i l e and r e a d i l y a v a i l a b l e for review.
4.2.2.1 Minimiz e e x p o s u r e — T h e A p p a r a t u s that w i l l contact s a m p l e s or b l a n k sshou ld on ly be opened or expo s ed in a clean room, clean bench, g l o v ebox, or c l ean p l a s t i c bag , so tha t e xpo sure to a t m o s p h e r i c i n p u t s i sminimized. When not being used, the A p p a r a t u s shou ld be covered w i thclean p l a s t i c wrap, stored in the clean bench or in a p l a s t i c box or g l o v ebox, or bagged in clean, co lor l e s s z i p - t y p e bags. M i n i m i z i n g the t imebetween cleaning and use w i l l al so reduce contamination.
4.2.2.2 W e a r g l o v e s — S a m p l i n g per sonnel must wear c l e a n , n o n t a l c g l o v e s( S e c t i o n 6.7) d u r i n g a l l o p e r a t i o n s i n v o l v i n g h a n d l i n g o f t h e A p p a r a t u s ,

s a m p l e s , a n d b lanks . Only c lean g l o v e s m a y touch t h e A p p a r a t u s . I fanother o b j e c t or sub s tance is t ou ch ed , the g l o v e ( s ) must be changed
b e f o r e again h a n d l i n g the A p p a r a t u s . If i t i s even s u s p e c t e d that g l ove shave become c o n t a m i n a t e d , work must be h a l t e d , the c o n t a m i n a t e dglove s removed, and a new p a i r of clean g love s put on. W e a r i n g m u l t i p l elayers of c lean g love s wi l l a l l o w the old p a i r to be q u i c k l y s t r i p p e d w i thminimal d i s r u p t i o n to the work ac t iv i ty.

4.2.2.3 U s e m e t a l - f r e e A p p a r a t u s — A l l A p p a r a t u s used f o r m e t a l sde t e rmina t i on s at the l ev e l s l i s t e d in T a b l e 1 must be n o n m e t a l l i c and f r e eof mater ia l tha t may contain me ta l s . W h e n it i s not p o s s i b l e to o b ta inequ ipment tha t i s c o m p l e t e l y f r e e o f th e m e t a l ( s ) o f i n t e r e s t , th e s a m p l eshould not come into direct contact with the equ ipment .
4.2.2.3.1 C o n s t r u c t i o n m a t e r i a l s — O n l y t h e f o l l o w i n g m a t e r i a l s

s h o u l d come in contact with s a m p l e s : f l u o r o p o l y m e r (FEP,P T F E ) , conventional o r l inear p o l y e t h y l e n e , p o l y c a r b o n a t e ,p o l y s u l f o n e , p o l y p r o p y l e n e , o r u l t r a p u r e quartz. P T F E i s
l e s s d e s i r a b l e than FEP because the s in t e r ed m a t e r i a l in
PTFE may c on ta in c o n t a m i n a n t s and i s s u s c e p t i b l e t oserious memory e f f e c t s ( R e f e r e n c e 6). F l u o r o p o l y m e r org l a s s container s shou ld be used for s a m p l e s t h a t w i l l beana lyzed f or mercury because mercury vapor s can d i f f u s e
in or out o f o th er m a t e r i a l s , r e s u l t i n g e i t h e r inc o n t a m i n a t i o n or low-biased r e s u l t s ( R e f e r e n c e 3). M e t a lmust not be used under any c ircumstance . R e g a r d l e s s ofc o n s t r u c t i o n , a l l m a t e r i a l s t h a t w i l l d i r e c t l y o r i n d i r e c t l ycontact the s a m p l e must be c l eaned u s ing the p r o c e d u r e sde s cr ibed in th e r e f e r enc ed a n a l y t i c a l m e t h o d s (see T a b l e1) and must be known to be c l ean and m e t a l - f r e e b e f o r eproceeding.

4.2.2.3.2 The f o l l o w i n g m a t e r i a l s have been f o u n d to c on ta in tracem e t a l s and must not be used to h o l d l i q u i d s t h a t come in
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contact wi th the s a m p l e or must not contac t the s a m p l e ,unle s s these m a t e r i a l s have been shown to be f r e e of them e t a l s o f in t er e s t a t th e d e s i r ed l e v e l : P y r e x , K i m a x ,m e t h a c r y l a t e , p o l y v i n y l c h l o r i d e , n y l o n , a n d V y c o r( R e f e r e n c e 6 ) . I n a d d i t i o n , h i g h l y colored p l a s t i c s , p a p e rcap l iner s , p i g m e n t s used to mark increments on p l a s t i c s ,and rubber all contain trace l e v e l s of m e t a l s and must be
avoided ( R e f e r e n c e 13).

4.2.2.3.3 S e r i a l i z a t i o n — S e r i a l numbers s h o u l d be i n d e l i b l y marked
or e t ch ed on each p i e c e of A p p a r a t u s so t h a tc o n t a m i n a t i o n can be t r a c e d , and l o g b o o k s s h o u l d bemaintained to track the s a m p l e f r o m the container t h r o u g h
t h e s a m p l i n g proce s s t o s h i p m e n t t o t h e l a b o r a t o r y .C h a i n - o f - c u s t o d y p r o c e d u r e s m a y a l s o b e used i fw a r r a n t e d so t h a t c o n t a m i n a t i o n can be t r a c e d top a r t i c u l a r h a n d l i n g procedures or lab per sonne l .

4.2.2.3.4 The A p p a r a t u s s hou ld be c l ean when the s a m p l i n g teamreceives i t . If there are any i n d i c a t i o n s tha t the A p p a r a t u sis not clean (e.g., a r i p p e d s t o r a g e b a g ) , an asses sment ofthe l i k e l i h o o d of c on taminat i on must be made. S a m p l i n gmust not proceed i f i t i s p o s s i b l e t h a t the A p p a r a t u s i s
con taminat ed . I f t h e A p p a r a t u s i s c o n t a m i n a t e d , i t mustbe returned to the l a b o r a t o r y or c l ean ing f a c i l i t y for p r o p e rcleaning b e f or e any s a m p l i n g a c t i v i t y resumes.

4.2.2.3.5 D e t a i l s f or rec l eaning the A p p a r a t u s between c o l l e c t i o n o fi n d i v i d u a l s a m p l e s are p r o v i d e d in S e c t i o n 10.0.
4.2.2.4 A v o i d sources of c o n t a m i n a t i o n — A v o i d con taminat i on by being aware ofp o t e n t i a l sources and routes of contamination.

4.2.2.4.1 C o n t a m i n a t i o n by c a r r y o v e r — C o n t a m i n a t i o n may occurwhen a s a m p l e c o n t a i n i n g low c onc en t ra t i on s of m e t a l s i sprocessed i m m e d i a t e l y a f t e r a s a m p l e c o n t a i n i n g r e l a t i v e l y
high concentrat ions of these m e t a l s . At s i t e s where morethan one s a m p l e w i l l be c o l l e c t e d , the s a m p l e known ore x p e c t e d t o c on ta in the l owe s t c o n c e n t r a t i o n o f m e t a l s
s hou ld b e c o l l e c t e d f i r s t w i t h th e s a m p l e c o n t a i n i n g th eh ighe s t l e v e l s c o l l e c t e d l a s t ( S e c t i o n 8.1.4). T h i s w i l l h e l pminimize carryover o f m e t a l s f r o m h i g h - c o n c e n t r a t i o n
s a m p l e s t o low- concen tra t i on s a m p l e s . I f t h e s a m p l i n gteam does not have pr ior k n o w l e d g e of the w a t e r b o d y , or
when necessary, the s a m p l e c o l l e c t i o n sy s t em s h o u l d be
rinsed wi th d i l u t e acid and reagent water between s a m p l e sand f o l l o w e d by c o l l e c t i o n o f a f i e l d b l a n k ( S e c t i o n 10.3).

4.2.2.4.2 C o n t a m i n a t i o n by s a m p l e s — S i g n i f i c a n t c o n t a m i n a t i o n o ft h e A p p a r a t u s m a y r e su l t when u n t r e a t e d e f f l u e n t s , i n -
pro c e s s wa t er s , l a n d f i l l l e a c h a t e s , a n d o t h e r s a m p l e sc o n t a i n i n g mid- to h i g h - l e v e l c onc en t ra t i on s o f i n o r g a n i csub s tance s are pro c e s s ed . As s t a t e d in S e c t i o n 1.0, t h i s
s a m p l i n g method i s no t i n t e n d e d f or a p p l i c a t i o n t o theses a m p l e s , a n d s a m p l e s c o n t a i n i n g h i g h c o n c e n t r a t i o n s o f
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m e t a l s must not be c o l l e c t e d , p ro c e s s ed , or s h i p p e d at thesame t ime a s s a m p l e s being c o l l e c t e d f or trace m e t a l sde t erminat ions .
4.2.2.4.3 C o n t a m i n a t i o n by indire c t c o n t a c t — A p p a r a t u s t h a t maynot d i r e c t l y contact s a m p l e s may s t i l l be a source ofcontamination. For e x a m p l e , clean tub ing p l a c e d in a d i r t yp l a s t i c bag may p i c k up c o n t a m i n a t i o n f r o m the bag ands u b s e q u e n t l y t r a n s f e r t h e c o n t a m i n a t i o n t o t h e s a m p l e .T h e r e f o r e , i t i s i m p e r a t i v e t h a t every p i e c e o f t h eA p p a r a t u s t h a t i s d i r e c t l y or i n d i r e c t l y used in th ec o l l e c t i o n o f ambient water s a m p l e s be c l e a n e d ass p e c i f i e d in the a n a l y t i c a l m e t h o d ( s ) r e f e r enc ed in T a b l e 1.
4.2.2.4.4 C o n t a m i n a t i o n b y airborne p a r t i c u l a t e m a t t e r — L e s sobvious sub s tance s c a p a b l e o f c o n t a m i n a t i n g s a m p l e si n c l u d e airborne p a r t i c l e s . S a m p l e s may be c o n t a m i n a t e d

by airborne d u s t , d i r t , p a r t i c u l a t e m a t t e r , or v a p o r s f r o ma u t o m o b i l e e xhau s t ; c i g a r e t t e smoke; nearby corroded or
rusted b r i d g e s , p i p e s , p o l e s , or wires; nearby r o a d s ; andeven human breath ( S e c t i o n 4.1.2). Whenever p o s s i b l e , thes a m p l i n g a c t i v i t y s h o u l d occur a s far a s p o s s i b l e f r o msources o f airborne c on tamina t i on ( S e c t i o n 8.1.3). A r e a s
where nearby soil is bare and s u b j e c t to wind erosionshould be avoided.

4.3 I n t e r f e r e n c e s — I n t e r f e r e n c e s r e su l t ing f r om s a m p l e s w i l l vary c o n s i d e r a b l y f r o m source tosource, d e p e n d i n g on the d i v e r s i t y of the s i te being s a m p l e d . If a s a m p l e i s s u sp e c t ed of
conta ining substances that may i n t e r f e r e in the d e t e r m i n a t i o n of trace m e t a l s , s u f f i c i e n ts a m p l e should be c o l l e c t e d to a l l o w the laboratory to i d e n t i f y and overcome i n t e r f e r e n c eproblems.

5.0 S a f e t y
5.1 The t o x i c i t y or c a r c i n o g e n i c i t y of the ch emica l s used in t h i s me thod has not beenp r e c i s e l y d e t e rmined; however, these chemical s s h o u l d be treated as a p o t e n t i a l h e a l t h

hazard. E x p o s u r e should be reduced to the lowes t p o s s i b l e l e v e l . S a m p l i n g teams arer e s p o n s i b l e f o r m a i n t a i n i n g a current awareness f i l e o f O S H A r e g u l a t i o n s f o r t h e s a f eh a n d l i n g o f t h e chemical s s p e c i f i e d i n t h i s method. A r e f e r en c e f i l e o f M a t e r i a l S a f e t y
Data S h e e t s should al so be made a v a i l a b l e to a l l personnel invo lved in s a m p l i n g . It i salso sugge s t ed that th e organiza t ion r e spon s i b l e p e r f o r m per sonal hyg i ene m o n i t o r i n g o feach s a m p l i n g team member who uses t h i s me thod and t h a t the r e s u l t s o f t h i smonitoring be made a v a i l a b l e to the member.

5.2 O p e r a t i n g in and around wa t erbod i e s carries the inherent risk of drowning. Life j a c k e t smust be worn when o p e r a t i n g f r o m a boat, when s a m p l i n g in more than a few f e e t ofwater, or when s a m p l i n g in s w i f t currents.
5.3 C o l l e c t i n g s a m p l e s in cold weather, e s p e c i a l l y around cold water b od i e s , carries the riskof h y p o t h e r m i a , and c o l l e c t i n g s a m p l e s in e x t r e m e l y hot and humid weather carries therisk of d e h y d r a t i o n and heat stroke. S a m p l i n g team members s h o u l d wear a d e q u a t ec l o t h i n g for p r o t e c t i o n in cold weather and s h o u l d carry an a d e q u a t e s u p p l y of water orother l i q u i d s f or p r o t e c t i o n a g a i n s t d e h y d r a t i o n in ho t weather.
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6.0 A p p a r a t u s and M a t e r i a l s
NOTE: Brand names, suppliers, and part numbers are for illustration only and no endorsement /simplied. Equivalent performance may be achieved using apparatus and materials other than thosespecified here. Meeting the performance requirements of this method is the responsibility of the
sampling team and laboratory.________________________
6.1 All s a m p l i n g equipment and s a m p l e containers must be p r e c l e a n e d in a l a b o r a t o r y orc l e a n i n g f a c i l i t y , as described in the m e t h o d s r e f e r e n c e d in T a b l e 1, b e f o r e they ares h i p p e d to the f i e l d s i te. P e r f o r m a n c e criteria for equipment c l e a n i n g i s de scribed in there f erenced methods. To minimize d i f f i c u l t i e s in s a m p l i n g , the equipment s h o u l d bepackaged and arranged to minimize f i e l d p r epara t i on .
6.2 M a t e r i a l s such as g l o v e s ( S e c t i o n 6.7), s t orage bag? ( S e c t i o n 6.8), and p l a s t i c w r a p( S e c t i o n 6.9), may be used new wi thout a d d i t i o n a l c l e a n i n g unle s s the r e s u l t s of theequ ipment b lank p i n p o i n t any of these m a t e r i a l s as a source of c o n t a m i n a t i o n . In t h i scase, either a d i f f e r e n t s u p p l i e r must be obtained or the mater ia l s must be c l eaned .
6 . 3 S a m p l e B o t t l e s — F l u o r o p o l y m e r ( F E P , P T F E ) , c onvent i ona l o r l i n e a r p o l y e t h y l e n e ,po ly carbona t e , or p o l y p r o p y l e n e ; 500 mL or 1 L with l i d s . If mercury is a t a r g e t a n a l y t e ,f l u o r o p o l y m e r or g l a s s b o t t l e s should be used. R e f e r to the me thod s r e f er enced in T a b l e1 for b o t t l e cleaning procedures.

6.3.1 Cleaned s a m p l e b o t t l e s should b e f i l l e d wi th 0.1% HC1 ( v / v ) . In some cases, i tmay be p o s s i b l e to e m p t y the weak acid s o l u t i o n f r o m the s a m p l e b o t t l ei m m e d i a t e l y prior to transpor t to the f i e l d site. In thi s case, the b o t t l e s hou ld ber e f i l l e d with reagent water ( S e c t i o n 7.1).
6.3.2 Whenever p o s s i b l e , s a m p l i n g devices shou ld be c leaned and p r e p a r e d for f i e l duse in a c las s 100 clean room. P r e p a r a t i o n of the devices in the f i e l d s hou ld bedone wi th in the g love bag ( S e c t i o n 6.6). R e g a r d l e s s o f d e s i g n , s a m p l i n g device smust be cons tructed of n o n m e t a l l i c mat er ia l ( S e c t i o n 4.2.2.3.1) and f r e e f r o mmater ia l that contains metal s . F l u o r o p o l y m e r or other mat er ia l shown not toadsorb or c o n t r i b u t e mercury must be used if mercury is a t a r g e t a n a l y t e ;o therwi s e , p o l y e t h y l e n e , p o l y c a r b o n a t e , o r p o l y p r o p y l e n e ar e a c c e p t a b l e .C o m m e r c i a l l y a v a i l a b l e s a m p l i n g d ev i c e s may be used p r o v i d e d t h a t anym e t a l l i c o r m e t a l - c o n t a i n i n g p a r t s a r e r e p l a c e d w i t h p a r t s c o n s t r u c t e d o fnonmeta l l i c mater ia l .

6 . 4 S u r f a c e S a m p l i n g D e v i c e s — S u r f a c e s a m p l e s a r e c o l l e c t e d u s ing a grab s a m p l i n g
technique. S a m p l e s may be c o l l e c t e d m a n u a l l y by direc t submersion of the b o t t l e i n t othe water or by using a grab s a m p l i n g device. E x a m p l e s of grab s a m p l e r s are shown inF i g u r e s 1 and 2 and may be used at s i t e s where d e p t h p r o f i l i n g is n e i t h e r p r a c t i c a l nornecessary.
6.4.1 The grab s a m p l e r in F i g u r e 1 cons i s t s of a heavy f l u o r o p o l y m e r c o l l a r f a s t e n e d tothe end of a 2-m-long p o l y e t h y l e n e p o l e , which serves to remove the s a m p l i n gpersonnel f r o m t h e immed ia t e v i c in i ty o f t h e s a m p l i n g p o i n t . T h e c o l l a r h o l d s t h es a m p l e b o t t l e . A f l u o r o p o l y m e r c l o s i n g mechanism, t h r e a d e d onto t h e b o t t l e ,enable s the s a m p l e r to open and close the b o t t l e under water, thereby a v o i d i n gs u r f a c e micro layer c on taminat i on ( R e f e r e n c e 14). P o l y e t h y l e n e , p o l y c a r b o n a t e ,and p o l y p r o p y l e n e are a l s o a c c e p t a b l e cons truc t ion m a t e r i a l s unle s s mercury is at a r g e t a n a l y t e . A s s e m b l y o f th e c l eaned s a m p l i n g dev i c e i s a s f o l l o w s ( r e f e r t o

F i g u r e 1 ) :

1996
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6.4.1.1 T h r e a d the p u l l cord ( w i t h the c l o s ing mechanism a t t a c h e d ) t h r o u g h thegu id e s and secure the p u l l ring with a s i m p l e knot. Screw a s a m p l e b o t t l eonto the c l o s i n g device and insert the b o t t l e into the c o l l a r . Cock thec l o s ing p l a t e so that the p l a t e i s pushed away f r o m the opera tor .
6.4.1.2 The cleaned and assembled s a m p l i n g device should be stored in a d o u b l e

layer of large , clean z i p - t y p e p o l y e t h y l e n e bags or w r a p p e d in two l a y e r sof clean p o l y e t h y l e n e wrap if it w i l l not be used i m m e d i a t e l y .
6.4.2 An a l t e r n a t e grab s a m p l e r de s ign is shown in F i g u r e 2. T h i s grab s a m p l e r is usedfor d i s c r e t e water s a m p l e s and is constructed so that a c a p p e d c l ean b o t t l e can

be submerged , the cap removed, s a m p l e c o l l e c t e d , and b o t t l e r e c a p p e d at as e l e c t e d d e p t h . T h i s d ev i c e e l i m i n a t e s s a m p l e c on tac t w i th c o n v e n t i o n a ls a m p l e r s (e .g . , N i s k i n b o t t l e s ) , thereby r e d u c i n g t h e r i sk o f e x t r a n e o u scontaminat ion. Because a f r e s h b o t t l e i s used for each s a m p l e , carryover f r o mprevious s a m p l e s i s e l iminated (Reference 15).
6 .5 S u b s u r f a c e S a m p l i n g D e v i c e s — S u b s u r f a c e s a m p l e c o l l e c t i o n may be a p p r o p r i a t e inlakes and s l u g g i s h de ep river environments or where d e p t h p r o f i l i n g is de t ermined to benecessary. S u b s u r f a c e s a m p l e s are c o l l e c t e d by p u m p i n g the s a m p l e in to a s a m p l ebo t t l e . E x a m p l e s o f s u b s u r f a c e c o l l e c t i o n systems i n c l u d e th e jar sy s t em device shownin F i g u r e 3 and described in S e c t i o n 6.5.1 or the c o n t i n u o u s - f l o w a p p a r a t u s shown inF i g u r e 4 and described in Sec t i on 6.5.2.

6.5.1 Jar s a m p l e r ( R e f e r e n c e 1 4 ) — T h e jar s a m p l e r ( F i g u r e 3) i s compri s ed o f a heavyf l u o r o p o l y m e r 1-L jar wi th a f l u o r o p o l y m e r l i d e q u i p p e d w i th two 1 /4 in .f l u o r o p o l y m e r f i t t i n g s . S a m p l e enters t h e j a r t h r o u g h a short l e n g t h o ff l u o r o p o l y m e r tubing inserted into one f i t t i n g . S a m p l e i s p u l l e d i n t o th e jar byp u m p i n g on f l u o r o p o l y m e r t u b i n g a t t a c h e d t o th e o ther f i t t i n g . A t h i c kf l u o r o p o l y m e r p l a t e s u p p o r t s t h e j a r a n d p r o v i d e s a t t a c h m e n t p o i n t s f o r af l u o r o p o l y m e r s a f e t y l ine and f l u o r o p o l y m e r t o r p e d o counterweight .
6.5.1.1 A d v a n t a g e s o f t h e j a r s a m p l e r f o r d e p t h s a m p l i n g a r e ( 1 ) a l l w e t t e ds u r f a c e s are f l u o r o p o l y m e r and can be r i g o r o u s l y c l e a n e d ; (2) the s a m p l ei s c o l l e c t e d into a s a m p l e jar f r o m which the s a m p l e i s r e a d i l y recovered,and the jar can be e a s i l y r e c l eaned; (3) the suct ion device (a p e r i s t a l t i c orrotary vacuum p u m p , S e c t i o n 6 . 1 5 ) i s l o c a t e d in the boa t , i s o l a t e d f r o mth e s a m p l i n g j a r ; (4) th e s a m p l i n g jar can b e c o n t i n u o u s l y f l u s h e d w i t h

s a m p l e , a t s a m p l i n g d e p t h , t o e q u i l i b r a t e the system; and (5) the s a m p l edoes no t travel t h r o u g h l o n g l e n g t h s o f t u b i n g t h a t are more d i f f i c u l t t oclean and keep clean ( R e f e r e n c e 14). In a d d i t i o n , the device i s d e s i g n e dto e l imina t e a tmospher i c contact with the s a m p l e d u r i n g c o l l e c t i o n .
6.5.1.2 To a s s emble the c leaned jar s a m p l e r , screw the t o r p e d o we ight onto themachined bol t a t tached to the s u p p o r t p l a t e o f the jar s a m p l e r . A t t a c h a

section of the 1/4 in. o.d. t u b i n g to the jar by i n s e r t i n g the t u b i n g in to thef i t t i n g on the l id and p u s h i n g down in to the jar u n t i l a p p r o x i m a t e l y 8 cmf r o m t h e bottom. T i g h t e n t h e f i t t i n g n u t securely. A t t a c h t h e s o l i d s a f e t y
l i n e t o th e jar s a m p l e r us ing a b ow l ine knot t o th e l o o p a f f i x e d t o th es u p p o r t p l a t e .

6.5.1.3 For the t ub ing connecting the p u m p to the s a m p l e r , t ub ing l e n g t h s o f up to
12 m have been used s u c c e s s f u l l y ( R e f e r e n c e 14).
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6.5.2 C o n t i n u o u s - f l o w s a m p l e r ( R e f e r e n c e s 1 6 - 1 7 ) — T h i s s a m p l i n g sy s t em, shown inF i g u r e 4, consists of a p e r i s t a l t i c or submersible p u m p and one or more l e n g t h s ofprec leaned f l u o r o p o l y m e r o r s t y r e n e / e t h y l e n e / b u t y l e n e / s i l i cone ( S E E S ) tub ing .A f i l t e r i s a d d e d to the s a m p l i n g train when s a m p l i n g for d i s s o l v e d me ta l s .

6.5.2.1 A d v a n t a g e s o f t h i s s a m p l i n g sys tem i n c l u d e ( 1 ) a l l we t t ed s u r f a c e s a r ef l u o r o p o l y m e r or S E E S and can be r e a d i l y c l eaned; (2) the suct ion devicei s l o c a t e d in th e boat , i s o l a t e d f r o m th e s a m p l e b o t t l e ; (3) th e s a m p l e
does not travel through l ong l e n g t h s o f t ub ing tha t are d i f f i c u l t t o c l eanand keep c l ean; and (4) in-line f i l t r a t i o n i s p o s s i b l e , m i n i m i z i n g f i e l dh a n d l i n g requirements f o r d i s s o lv ed me ta l s s ampl e s .

6.5.2.2 The s a m p l i n g team as s emble s the sys t em in the f i e l d as d e s c r i b e d inS e c t i o n 8.2.8. S y s t e m component s i n c l u d e an o p t i o n a l p o l y e t h y l e n e p o l eto remove s a m p l i n g personnel f r om the immedia t e v i c i n i t y of the s a m p l i n g
point and the p u m p , tub ing , f i l t e r , and f i l t e r h o l d e r l i s t e d in S e c t i o n s 6.14and 6.15.

6.6 F i e l d - P o r t a b l e G l o v e B a g — I 2 R , M o d e l R-37-37H ( n o n t a l c ) , or equ iva l en t . A l t e r n a t e l y , ap o r t a b l e g love box may be cons tructed with a n o n m e t a l l i c ( P V C p i p e or other s u i t a b l em a t e r i a l ) f r a m e and a f r a m e cover made of an i n e x p e n s i v e , d i s p o s a b l e , n o n m e t a l l i cmaterial (e.g., a th in-wal l ed p o l y e t h y l e n e b a g ) (Refer enc e 7).
6 .7 G l o v e s — C l e a n , nonta l c p o l y e t h y l e n e , l a t e x , v i n y l , o r P V C ; various l e n g t h s . S h o u l d e r -l e n g t h g l ove s are needed if s a m p l e s are to be c o l l e c t e d by d i r e c t submersion of thes a m p l e b o t t l e into the water or when s a m p l i n g for mercury.

6.7.1 G l o v e s , s h o u l d e r - l e n g t h p o l y e t h y l e n e — A s s o c i a t e d B a g Co., M i l w a u k e e , W l ,66-3-301, or equ iva l en t .
6.7.2 G l o v e s , P V C — F i s h e r S c i e n t i f i c Part No. 11-394-1OOB, or e q u i v a l e n t .

6 .8 S t o r a g e B a g s — C l e a n , z i p - t y p e , nonvented, c o l or l e s s p o l y e t h y l e n e (var i ou s s i z e s).
6 . 9 P l a s t i c W r a p — C l e a n , c o l o r l e s s p o l y e t h y l e n e .
6.10 C o o l e r — C l e a n , nonme ta l l i c , wi th whi te inter ior f o r s h i p p i n g s a m p l e s .
6.11 Ice o r Chemica l R e f r i g e r a n t P a c k s — T o keep s a m p l e s c h i l l e d in t h e c oo l e r d u r i n gsh ipment.
6.12 W i n d S u i t — P a m i d a , or equ iva l en t .
NOTE: This equipment is necessary only for collection of metals, such as mercury, that are knoiun tohave elevated atmospheric concentrations.__________________________________

6.12.1 An u n l i n e d , l o n g - s l e e v e d wind sui t c o n s i s t i n g o f p a n t s and j a c k e t andcons truc t ed of nylon or other s y n t h e t i c f i b e r i s worn when s a m p l i n g for mercuryto prevent mercury ad sorb ed onto c o t t o n or o ther c l o t h i n g m a t e r i a l s f r o mcon tamina t ing sample s .
6.12.2 W a s h i n g and d r y i n g — T h e wind suit i s washed by i t s e l f or w i th o ther wind s u i t s

only in a home or commercial washing machine and dried in a c l o t h e s dryer. Thec lo the s dryer must be t h o r o u g h l y vacuumed, i n c l u d i n g the l i n t f i l t e r , t o remove al l
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traces of l int b e f o r e drying. A f t e r drying, the wind suit is f o l d e d and s tored in aclean p o l y e t h y l e n e bag for sh ipment to the s ampl e site.
6.13 Boat

6.13.1 For most s i t u a t i o n s (e.g., most me ta l s under most c o n d i t i o n s ) , the use of anex i s t ing, a v a i l a b l e boat is a c c e p t a b l e . A f l a t - b o t t o m , Boston W h a l e r - t y p e boat isp r e f e r r e d because s a m p l i n g m a t e r i a l s can be stored w i th reduced chance oft i p p i n g .
6.13.1.1 I m m e d i a t e l y b e f o r e use, the boat shou ld be washed w i t h waterf r o m the s a m p l i n g si te away f r o m any s a m p l i n g p o i n t s to removeany dust or dirt accumulation.
6.13.1.2 S a m p l e s should be c o l l e c t ed up s tr eam of boat movement.

6.13.2 For mercury, and for s i t u a t i o n s in which the presence of c o n t a m i n a n t s cannototherwise be c o n t r o l l e d below d e t e c t a b l e l e v e l s , the f o l l o w i n g e q u i p m e n t andprecautions may be necessary:
6.13.2.1 A m e t a l - f r e e (e.g. , f i b e r g l a s s ) boa t , a l o n g w i t h wooden orf i b e r g l a s s oars. G a s o l i n e - or d i e s e l - f u e l e d boat motors shou ld beavoided when p o s s i b l e because the exhaust can be a source ofcontamination. If the body of water is l arge enough to require useof a boat motor, the engine s h o u l d be shut off at a d i s t a n c e farenough f r o m the s a m p l i n g p o i n t to avoid c o n t a m i n a t i o n , and thes a m p l i n g team should m a n u a l l y p r o p e l the boat to the s a m p l i n g

point . S a m p l e s should be c o l l e c t e d up s t r eam of boat movement.
6.13.2.2 Before f i r s t use, the boat should be cleaned and stored in an areathat minimizes exposure to dus t and a t m o s p h e r i c p a r t i c l e s . Fore x a m p l e , c leaned boat s s h o u l d not be s tored in an area t h a twould a l l o w e x p o s u r e to a u t o m o b i l e e x h a u s t or i n d u s t r i a lp o l l u t i o n .
6.13.2.3 T h e boat shou ld b e f r e q u e n t l y v i s u a l l y i n s p e c t e d f o r p o s s i b l econtamination.
6.13.2.4 A f t e r s a m p l i n g , the boat shou ld be returned to the l a b o r a t o r y orc l eaning f a c i l i t y , cleaned as necessary, and s tored away f r o m any

sources of contaminat ion until next use.
6.14 F i l t r a t i o n A p p a r a t u s — R e q u i r e d when c o l l e c t i n g s a m p l e s f o r d i s s o l v e d m e t a l sdeterminations .

6.14.1 F i l t e r — 0 . 4 5 J i m , 15 mm d i a m e t e r o r l a r g e r , t o r t u o u s - p a t h c a p s u l e f i l t e r s( R e f e r e n c e 18), G e l m a n S u p o r 12175, or equ iva l en t .
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6.14.2 F i l t e r h o l d e r — F o r mounting f i l t e r to the gunwale of the boat. Rod or p i p e madef r o m p l a s t i c material and mounted with p l a s t i c c l a m p s .
NOTE: A filter holder may not be required if one or a few samples are to be collected. For these cases, itmay only be necessary to attach the filter to the outlet of the tubing connected to the pump._______
6 . 1 5 P u m p a n d P u m p A p p a r a t u s — R e q u i r e d f o r u s e w i t h t h e j a r s a m p l i n g s y s t e m( S e c t i o n 6.5.1) or the c o n t i n u o u s - f l o w system ( S e c t i o n 6.5.2). P e r i s t a l t i c p u m p ; 115 Va.c, 12 V d.c., in t ernal b a t t e r y , v a r i a b l e - s p e e d , s i n g l e - h e a d , C o l e - P a r m e r , p o r t a b l e ," M a s t e r f l e x L / S , " C a t a l o g N o . H-07570-10 drive with Quick Load p u m p head, C a t a l o g

No. H-07021-24, or equivalent .
NOTE: Equivalent pumps may include rotary vacuum, submersible, or other pumps free from metals
and suitable to meet the site-specific depth sampling needs._________________________

6.15.1 C l e a n i n g — P e r i s t a l t i c p u m p modules do not require c l eaning. However , n ear ly allp e r i s t a l t i c p u m p s contain a metal head and metal control s . T o u c h i n g the head orcontro l s nece s s i ta t e s changing o f g love s b e f o r e t ouch ing t h e A p p a r a t u s . I f asubmersible p u m p is used, a large volume of s a m p l e should be p u m p e d to c l eanthe s ta in l e s s steel s h a f t ( h i d d e n behind the i m p e l l e r ) tha t comes in contact w i t hthe sample . Pumps with metal i m p e l l e r s should not be used.
6.15.2 T u b i n g — F o r u s e with p e r i s t a l t i c p u m p . SEBS resin, a p p r o x i m a t e l y 3 /8 in . i .d .by a p p r o x i m a t e l y 3 f t , C o l e - P a r m e r size 18 , Cat . No. G-06464-18, ora p p r o x i m a t e l y 1/4 in. i .d., C o l e - P a r m e r size 17, C a t a l o g No. G-06464-17, orequivalent. T u b i n g is cleaned by soaking in 5-10% HC1 s o l u t i o n for 8-24 hours,rinsing with reagent water in a clean bench in a clean room, and d r y i n g in theclean bench by purging with mercury-free air or nitrogen. After dry ing , the tubing

is double-bagged in clear p o l y e t h y l e n e bags, s erial ized with a unique number, andstored until use.
6.15.3 T u b i n g — F o r connection t o p e r i s t a l t i c p u m p tub ing . F l u o r o p o l y m e r , 3 / 8 o r1/4 in . o.d., in l e n g t h s a s required to reach the p o i n t o f s a m p l i n g . If s a m p l i n gwi l l be at some d e p t h f r o m the end of a boom e x t e n d e d f r o m a boa t , s u f f i c i e n t

t u b ing to extend to the end of the boom and to the d e p t h w i l l be required.C l e a n i n g of the f l u o r o p o l y m e r can be the same as c l e a n i n g the t u b i n g for therotary vacuum p u m p ( S e c t i o n 6.15.1.2). I f neces sary, more a g g r e s s i v e c l e a n i n g(e.g., concentrated ni tr ic a c i d ) may be used.
6.15.4 B a t t e r i e s t o o p e r a t e s u b m e r s i b l e p u m p — 1 2 V , 2 . 6 a m p , g e l c e l l , Y U A S AN P 2 . 6 - 1 2 , or e q u i v a l e n t . A 2 amp f u s e connected at the p o s i t i v e b a t t e r yterminal i s s t r o n g l y recommended to prevent short c i r cu i t s f r o m o v e r h e a t i n g the

bat t ery. A 12 V, l e a d - a c i d a u t o m o b i l e or marine b a t t e r y may be more s u i t a b l ef o r extensive pumping .
6.15.5 T u b i n g c o n n e c t o r s — A p p r o p r i a t e l y s i z ed P V C , c l e a r p o l y e t h y l e n e , o r

f l u o r o p o l y m e r "barbed" s t r a i g h t connectors cleaned as the t u b i n g above. Used toconnect m u l t i p l e l e n g t h s of tubing.
6.16 C a r b o y — F o r c o l l e c t i o n and s torage o f d i l u t e waste a c id s used to s tore b o t t l e s .
6 . 1 7 A p p a r a t u s — F o r f i e l d pre s ervat ion o f a l i q u o t s f o r t r i v a l e n t chromium d e t e r m i n a t i o n s .
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6.17.1 F l u o r o p o l y m e r f o r c e p s — 1 L f l u o r o p o l y m e r j a r , and 30 mL f l u o r o p o l y m e r v i a l swith screw-caps (one vial per s a m p l e and b l a n k ) . It is recommended tha t 1 mLof u l t r a p u r e nitric acid ( S e c t i o n 7.3) be a d d e d to each vial p r i o r to t r a n s p o r t toth e f i e l d t o s i m p l i f y f i e l d h a n d l i n g ac t iv i t i e s (See Sec t i on 8.4.4.6).
6.17.2 F i l t e r s — 0 . 4 M.m, 47 mm p o l y c a r b o n a t e N u c l e p o r e (or e q u i v a l e n t ) . F i l t e r s arecleaned a s f o l l o w s . F i l l a 1 L f l u o r o p o l y m e r j a r a p p r o x i m a t e l y t w o - t h i r d s f u l lwith 1 N nitric acid. U s i n g f l u o r o p o l y m e r f o r c e p s , p l a c e i n d i v i d u a l f i l t e r s in thef l u o r o p o l y m e r jar. A l l o w the f i l t e r s to soak for 48 hours. Discard the a c i d , andrinse f i v e times with reagent water. Fill the jar with reagent water, and soak thef i l t e r s f or 24 hours. Remove the f i l t e r s when r e a d y for use, and u s i n gf l u o r o p o l y m e r f o r c e p s , p l a c e them on th e f i l t e r a p p a r a t u s ( S e c t i o n 6.17.3).
6.17.3 Vacuum f i l t r a t i o n a p p a r a t u s — M i l l i p o r e 47 mm size, or e q u i v a l e n t , vacuump u m p and power source (and e x t en s i on cords, i f n e c e s sary) to o p e r a t e the

pump.
6.17A E p p e n d o r f auto p i p e t and co lor l e s s p i p e t t i p s (100-1000 ^L)
6.17.5 Wri s t -a c t i on shaker—Burrel or equivalent.
6.17.6 F l u o r o p o l y m e r wash b o t t l e s — O n e f i l l e d with reagent water ( S e c t i o n 7 .1) and onef i l l e d with high- p u r i t y 10% HC1 ( S e c t i o n 7.4.4), for use in r i n s i n g f o r c e p s andp i p e t t i p s .

7.0 Reagents and S t a n d a r d s
7.1 Reagent W a t e r — W a t e r in which the a n a l y t e s o f in t er e s t and p o t e n t i a l l y i n t e r f e r i n gsubstances are no t d e t e c t e d a t the M e t h o d D e t e c t i o n L i m i t (MDL) of the a n a l y t i c a lmethod used for analys i s o f s a m p l e s . P r e p a r e d by d i s t i l l a t i o n , d e i o n i z a t i o n , reverseosmosis, a n o d i c / c a t h o d i c s t r i p p i n g vo l t amme try , or other techniques tha t remove the

m e t a l ( s ) and p o t e n t i a l i n t e r f e r e n t ( s ) . A l a r g e carboy or other a p p r o p r i a t e c o n t a i n e rf i l l e d with reagent water must be a v a i l a b l e for the c o l l e c t i o n o f f i e l d b lanks .
7 . 2 N i t r i c A c i d — D i l u t e , t race-meta l g r a d e , s h i p p e d w i t h s a m p l i n g k i t f o r c l e a n i n gequipment between sample s .
7.3 S o d i u m H y d r o x i d e — C o n c e n t r a t e d , 50% s o l u t i o n for use when f i e l d - p r e s e r v i n g s a m p l e sf or hexavalent chromium de t erminat ions ( S e c t i o n 8.4.5).
7.4 R e a g e n t s — F o r f i e l d - p r o c e s s i n g a l iquo t s f or t r i v a l e n t chromium d e t e r m i n a t i o n s

7.4.1 N i t r i c A c i d , U l t r a p u r e — F o r u s e when f i e l d - p r e s e r v i n g s a m p l e s f o r t r i v a l e n tchromium de t e rmina t i on s ( S e c t i o n s 6.17 and 8.4.4).
7.4.2 Ammonium I r o n ( I I ) S u l f a t e S o l u t i o n ( 0 . 0 1 M ) — U s e d t o p r e p a r e t h e chromium( I I I ) ex t rac t i on s o l u t i o n ( S e c t i o n 7.4.3) necessary f o r f i e l d p r e s e r v a t i o n o f s a m p l e sf o r t r i v a l e n t chromium ( S e c t i o n 8.4.4). P r e p a r e t h e ammonium iron ( I I ) s u l f a t es o l u t i o n by a d d i n g 3.92 g ammonium iron (II) s u l f a t e ( u l t r a p u r e g r a d e ) t o a 1 L

v o l u m e t r i c f l a s k . Bring to volume w i th r eagent water. S t o r e in a c l e a np o l y e t h y l e n e b o t t l e .
7.4.3 Chromium ( I I I ) e x t r a c t i o n s o l u t i o n — F o r u s e when f i e l d - p r e s e r v i n g s a m p l e s f o rt r i v a l e n t chromium d e t e r m i n a t i o n s ( S e c t i o n 8.4.4). P r e p a r e t h i s s o l u t i o n b y
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a d d i n g 100 mL of ammonium iron (II) s u l f a t e s o lu t i on ( S e c t i o n 7.4.2) to a 125 mLp o l y e t h y l e n e b o t t l e . A d j u s t pH to 8 with a p p r o x i m a t e l y 2 mL of ammoniumh y d r o x i d e so lu t ion. Cap and shake on a wri s t-ac t ion shaker for 24 hours. T h i siron (III) hydrox id e s o lu t i on i s s t ab l e for 30 days.
7.4.4 H y d r o c h l o r i c a c i d — H i g h - p u r i t y , 10% s o l u t i o n , s h i p p e d w i t h s a m p l i n g ki t inf l u o r o p o l y m e r wash b o t t l e s f or c l eaning t r iva l en t chromium s a m p l e pr e s e rva t i on

equipment between samples .
7.4.5 Chromium stock s t a n d a r d s o l u t i o n (1000 u g / m L ) — P r e p a r e d by a d d i n g 3.1 ganhydrous chromium c h l o r i d e to a 1 L f l a s k and d i l u t i n g to vo lume w i t h1% hydroch lor i c acid. S t o r e in p o l y e t h y l e n e b o t t l e . A commerc ia l ly a v a i l a b l es tandard s o lu t i on may be s u b s t i t u t e d .
7.4.6 S t a n d a r d chromium s p i k e s o lu t i on (1000 u g / L ) — U s e d t o s p i k e s a m p l e a l i q u o t sf o r matrix s p i k e / m a t r i x sp ike d u p l i c a t e ( M S / M S D ) a n a l y s i s a n d t o p r e p a r eongoing prec i s i on and recovery s t a n d a r d s . P r e p a r e d by s p i k i n g 1 mL of thechromium s tock s t a n d a r d s o l u t i o n ( S e c t i o n 7.4.5) into a 1 L f l a s k . D i l u t e tovolume with 1% HC1. S t o r e in a p o l y e t h y l e n e b o t t l e .
7.4.7 Ongoing prec i s ion and recovery (OPR) s tandard (25 H g / L ) — P r e p a r e d by s p i k i n g2.5 mL of the s t andard chromium s p i k e s o l u t i o n ( S e c t i o n 7.4.6) in to a 100 mLf l a s k . D i l u t e to volume with 1% HC1. One OPR is required for every 10 s a m p l e s .

8.0 S a m p l e C o l l e c t i o n , F i l t r a t i o n , and H a n d l i n g
8.1 S i t e S e l e c t i o n

8.1.1 S e l e c t i o n of a r e p r e s e n t a t i v e s i t e for s u r f a c e water s a m p l i n g is based on manyf a c t o r s inc lud ing: s t u d y o b j e c t i v e s , water use, po in t source d i s charge s , non-pointsource di s charges , t r i bu tar i e s , changes in stream charac t e r i s t i c s , t y p e s of s treambed, stream d e p t h , turbulence, and the presence of s t ruc ture s ( b r i d g e s , dams,etc.). When c o l l e c t i n g s a m p l e s to determine ambient l e v e l s o f trace m e t a l s , thepresence of p o t e n t i a l sources of metal c on taminat i on are of extreme i m p o r t a n c ein site selection.
8.1.2 I d e a l l y , t h e s e l e c t ed s a m p l i n g s i t e w i l l e x h i b i t a h i g h d egr e e o f c r o s s - s e c t i ona lhomogenei ty. It may be p o s s i b l e t o u s e p r e v i o u s l y c o l l e c t e d d a t a t o i d e n t i f yl o c a t i o n s for s a m p l e s tha t are wel l mixed or are v e r t i c a l l y or h o r i z o n t a l l y

s t r a t i f i e d . Since mixing is p r i n c i p a l l y governed by turbu l enc e and water v e l o c i t y ,
the s e l e c t i on of a s i t e i m m e d i a t e l y downs tr eam of a ri f f l e area w i l l ensure goodvertical mixing. H o r i z o n t a l mixing occurs in c on s t r i c t i on s in the channel. In theabsence of turbulent areas, the s e l e c t i o n of a s i t e t h a t i s c l ear of i m m e d i a t e p o i n tsources, such a s i n d u s t r i a l e f f l u e n t s , i s p r e f e r r e d f or th e c o l l e c t i o n o f ambientwater s a m p l e s (Ref er enc e 19).

8.1.3 To minimize con taminat ion f r o m trace m e t a l s in the a t m o s p h e r e , ambient wa t ers a m p l e s s hou ld be c o l l e c t e d f r o m s i t e s t ha t are as far as p o s s i b l e (e .g . , at l e a s t
several hundred f e e t ) f r o m a n y me ta l s u p p o r t s , b r i d g e s , wires o r p o l e s .S i m i l a r l y , s a m p l e s should be c o l l e c t e d as far as p o s s i b l e f r o m r e g u l a r l y or h e a v i l yt r a v e l e d roads. If i t i s no t p o s s i b l e t o avoid c o l l e c t i o n near r o a d w a y s , i t i sa d v i s a b l e t o s t u d y t r a f f i c p a t t e r n s a n d p l a n s a m p l i n g event s d u r i n g l o w e s tt r a f f i c f l o w ( R e f e r e n c e 7 ) .
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8.1.4 The s a m p l i n g a c t iv i ty should be p lanned to c o l l e c t s a m p l e s known or s u s p e c t e dto contain the lowest concentrat ions o f trace m e t a l s f i r s t , f i n i s h i n g w i t h thes a m p l e s known or suspec ted to contain the highest concentrations. For e x a m p l e ,
if s a m p l e s are c o l l e c t ed f r o m a f l o w i n g river or stream near an i n d u s t r i a l ormunic ipa l d i s charge , t h e u p s t r e a m s a m p l e s h o u l d b e c o l l e c t e d f i r s t , t h edownstream s a m p l e c o l l e c t e d second, and the s a m p l e nearest the d i s c h a r g ec o l l e c t e d l a s t . If the concentrat ions of p o l l u t a n t s i s not known and cannot bee s t imat ed , it is necessary to use prec l eaned s a m p l i n g equ ipment at each s a m p l i n glocation.

8.2 S a m p l e C o l l e c t i o n P r o c e d u r e — B e f o r e c o l l e c t i n g ambient water s a m p l e s , c o n s i d e r a t i o nshould be given to the t y p e of s ampl e to be c o l l e c t e d , the amount of s a m p l e ne eded , and
the devices to be used (grab, s u r f a c e , or s u b s u r f a c e s a m p l e r s ) . S u f f i c i e n t s a m p l e vo lumeshou ld be c o l l e c t e d to a l l o w for necessary q u a l i t y control a n a l y s e s , such as m a t r i xs p i k e / m a t r i x s p ik e d u p l i c a t e analyse s .
8.2.1 F o u r s a m p l i n g procedures are described:

8.2.1.1 Sec t i on 8.2.5 describes a procedure for c o l l e c t i n g s a m p l e s d i r e c t l y into thes a m p l e container. T h i s procedure i s the s i m p l e s t and p r o v i d e s the l e a s tp o t e n t i a l f or c o n t a m i n a t i o n because i t requires th e l e a s t amount o fequipment and handl ing.
8.2.1.2 S e c t i o n 8.2.6 describes a proc edure for us ing a grab s a m p l i n g device toco l l e c t s ampl e s .
8.2.1.3 S e c t i o n 8.2.7 d e s c r i b e s a p r o c e d u r e f or d e p t h s a m p l i n g w i t h a jarsampler . The size of s a m p l e container used is d e p e n d e n t on the amountof s a m p l e needed by the a n a l y t i c a l labora tory.
8.2.1.4 Sec t i on 8.2.8 describes a procedure for c o n t i n u o u s - f l o w s a m p l i n g u s ing asubmersible or p e r i s t a l t i c p u m p .

8.2.2 The s a m p l i n g team should i d e a l l y a p p r o a c h the s i t e f r o m down current anddownwind to prevent contaminat ion o f the s a m p l e by p a r t i c l e s s l o u g h i n g o f f th eboat or equipment. If i t i s not p o s s i b l e to a p p r o a c h f r o m bo th , the s i t e s h o u l d be
a p p r o a c h e d f r o m down current i f s a m p l i n g f r o m a boat or a p p r o a c h e d f r o mdownwind if s a m p l i n g on f o o t . When s a m p l i n g f r o m a boat , the bow of the boat
s hou ld be oriented into the current ( t h e boat w i l l be p o i n t e d u p s t r e a m ) . Alls a m p l i n g a c t iv i ty should occur f r o m the bow.
If th e s a m p l e s are b e ing c o l l e c t e d f r o m a boa t , i t i s recommended t h a t th es a m p l i n g team create a s t a b l e w o r k s t a t i o n by a r r a n g i n g the coo l er or s h i p p i n g
container as a work t a b l e on the upwind s ide of the boat , cover ing t h i s w o r k t a b l eand the upwind gunnel with p l a s t i c wrap or a p l a s t i c t a b l e c l o t h , and d r a p i n g thewrap or c l o t h over the gunnel. If necessary, duct t a p e is used to h o l d the w r a p or
c l o t h in p la c e .

8.2.3 A l l o p e r a t i o n s i n v o l v i n g contac t w i th t h e s a m p l e b o t t l e a n d w i t h t r a n s f e r o f t h e
s a m p l e f r o m t h e s a m p l e c o l l e c t i o n devic e t o t h e s a m p l e b o t t l e ( i f t h e s a m p l e i snot d i r e c t l y c o l l e c t e d in the b o t t l e ) are h a n d l e d by the i n d i v i d u a l d e s i g n a t e d as"clean hands." "Dirty hands" i s r e s p o n s i b l e for al l a c t i v i t i e s tha t do not i n v o l v edirec t contact wi th the s a m p l e .
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A l t h o u g h the d u t i e s of "clean hands" and "d ir ty hands" would a p p e a r to be alogical s eparat ion of r e s p o n s i b i l i t i e s , in f a c t , the c o m p l e t i o n of the entire p r o t o c o lmay require a good deal of c o o r d i n a t i o n and prac t i c e . For e x a m p l e , " d i r t yhands" must open the box or cooler conta in ing the s a m p l e b o t t l e and u n z i p theouter bag; clean hands must reach into the outer bag, open the inner bag, removethe b o t t l e , c o l l e c t the s a m p l e , r ep la c e the b o t t l e l i d , pu t the b o t t l e back into theinner bag, and zip the inner bag. "Dirty hands" must c lose the outer bag andp l a c e it in a cooler.
To minimize unnecessary c o n f u s i o n , it is recommended that a third team memberbe a v a i l a b l e to c o m p l e t e the necessary s a m p l e do cumenta t i on (e.g. , to documents a m p l i n g l o ca t i on , time, s a m p l e number, e t c) . Otherwise , " d i r t y hands" mustp e r f o r m the sampl e documentat ion ac t iv i ty ( R e f e r e n c e 7).

8.2.4 Extreme care must be taken during all s a m p l i n g opera t i on s to minimize e x p o s u r eof the sample to human, atmospheric, and other sources of contamination. Caremust be taken to avoid breathing d i r e c t l y on the s a m p l e , and whenever p o s s i b l e ,the s a m p l e b o t t l e should be opened, f i l l e d , and closed whi l e submerged.
8.2.5 Manual c o l l e c t i on o f s u r f a c e s a m p l e s d i r e c t l y into the s a m p l e b o t t l e .

8.2.5.1 At the s i te , all s a m p l i n g personnel must put on c l ean g l o v e s ( S e c t i o n 6.7)b e f o r e commencing s a m p l e c o l l e c t i o n a c t i v i t y , wi th "clean hands" d o n n i n gs h o u l d e r - l e n g t h gloves . If s a m p l e s are t o b e a n a l y z e d for mercury, thes a m p l i n g team must also put their pr e c l eaned wind su i t s on at t h i s time.N o t e that "clean hands" should put on the s h o u l d e r - l e n g t h p o l y e t h y l e n eg love s ( S e c t i o n 6.7.1) and both "clean hands" and " d i r t y hands" s h o u l dput on the PVC glove s ( S e c t i o n 6.7.2).
8.2.5.2 "Dirty hands" must open the cooler or s t o r a g e conta iner , remove thedouble-bagged s a m p l e b o t t l e f r o m s t orage , and unz ip the outer bag.
8.2.5.3 N e x t , "clean hands" opens the in s id e bag c o n t a i n i n g the s a m p l e b o t t l e ,removes the b o t t l e , and reseal s the in s ide bag. "Dirty hands" then re s eal sthe outer bag.
8.2.5.4 "Clean hands" unscrews the cap and, whi l e h o l d i n g the cap u p s i d e down,

d i s card s th e d i l u t e acid s o l u t i o n f r o m the b o t t l e into a carboy for was t e s( S e c t i o n 6.16) or d i s c a r d s the reagent water d i r e c t l y into the water body.
8.2.5.5 "Clean hands" then submerges the s a m p l e b o t t l e , and a l l o w s the b o t t l e top a r t i a l l y f i l l w i th s a m p l e . "Clean hands" screws t h e c a p o n t h e b o t t l e ,shakes the b o t t l e several times, and e m p t i e s the r i n s a t e away f r o m the

site. A f t e r two more r ins ings , "clean hands" h o l d s the b o t t l e under watera n d a l l o w s b o t t l e t o f i l l w i th s a m p l e . A f t e r t h e b o t t l e h a s f i l l e d ( i . e . ,when no more b u b b l e s a p p e a r ) , and w h i l e the b o t t l e i s s t i l l i n v e r t e d so
tha t the mouth of the b o t t l e i s underwat er , "clean hands" r e p l a c e s the capof the b o t t l e . In thi s way, the s a m p l e has never con tac t ed the air.

8.2.5.6 Once the b o t t l e l id has been r e p l a c e d , " d i r t y hands" r e op en s the ou t erp l a s t i c bag, and "clean hands" open s the i n s i d e bag, p l a c e s th e b o t t l eins ide it, and z i p s the inner bag.
8.2.5.7 "Dirty hands" z i p s the outer bag.
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8.2.5.8 D o c u m e n t a t i o n — A f t e r each s a m p l e is c o l l e c t e d , the s a m p l e number isdocumented in the s a m p l i n g log, and any unusual observations concerningthe s a m p l e and the s a m p l i n g are documented.
8.2.5.9 If the s a m p l e is to be a n a l y z e d for d i s s o l v e d m e t a l s , i t i s f i l t e r e d inaccordance with the procedure described in Sec t i on 8.3.

8.2.6 S a m p l e c o l l e c t i on with grab s a m p l i n g d e v i c e — T h e f o l l o w i n g s t e p s d e t a i l s a m p l ec o l l e c t i o n using the grab s a m p l i n g device shown in F i g u r e 1 and de s cr ibed inS e c t i o n 6.4.1. The pro c edur e i s i n d i c a t i v e o f the "clean h a n d s / d i r t y hands"technique that must be used with a l t e rna t iv e grab s a m p l i n g devices such as t h a tshown in F i g u r e 2 and described in Sec t i on 6.4.2.
8.2.6.1 T h e s a m p l i n g team p u t s o n g l o v e s (and wind s u i t s , i f a p p l i c a b l e ) .I d e a l l y , a s a m p l e b o t t l e wi l l have been prea t ta ched to the s a m p l i n g devicein the class 100 clean room at the laboratory. If it is necessary to a t tach ab o t t l e to the device in the f i e l d , "clean hands" p e r f o r m s t h i s o p e r a t i o n ,described in S e c t i o n 6.4.2, ins ide the f i e l d - p o r t a b l e g l o v e bag ( S e c t i o n6.6).
8.2.6.2 "Dirty hands" removes the s a m p l i n g device f r o m its s t orage conta iner andopens the outer p o l y e t h y l e n e bag.
8.2.6.3 "Clean hands" opens the i n s i d e p o l y e t h y l e n e bag and removes thes ampl ing device.
8.2.6.4 "Clean hands" changes gloves.
8.2.6.5 "Dirty hands" submerges the s a m p l i n g device to the de s ir ed d e p t h andp u l l s the f l u o r o p o l y m e r p u l l cord to bring the seal p l a t e into the m i d d l ep o s i t i o n so that water can enter the b o t t l e .
8.2.6.6 When the b o t t l e is f u l l (i.e., when no more bubble s a p p e a r ) , " d i r t y hands"p u l l s t h e f l u o r o p o l y m e r cord t o t h e f i n a l s t o p p o s i t i o n t o seal o f f t h es ampl e and removes the s a m p l i n g device f r o m the water.
8.2.6.7 "Dirty hands" returns the s a m p l i n g device to i t s l a r g e inner p l a s t i c bag,"clean hands" p u l l s th e b o t t l e ou t o f the c o l l a r , unscrews the b o t t l e f r o mthe s e a l i n g device, and cap s the b o t t l e . "Clean hands" and " d i r t y hands"then return the b o t t l e to i t s d o u b l e - b a g g e d s t o r a g e as d e s c r i b e d inS e c t i o n s 8.2.5.6 through 8.2.5.7.
8.2.6.8 C l o s i n g m e c h a n i s m — " C l e a n hands" removes the c l o s i n g mechanism f r o mthe b o d y o f the grab s a m p l e r , rinses the device w i t h r e a g e n t wa t e r( S e c t i o n 7.1), p l a c e s i t in s i d e a new c l ean p l a s t i c bag, z i p s the bag, andp l a c e s the bag i n s i d e an outer bag he ld by " d i r t y hands." "Dir ty hands"z i p s the outer bag and p l a c e s the d o u b l e - b a g g e d c l o s i n g mechanism in the

equipment s torage box.
8.2.6.9 S a m p l i n g d e v i c e — " C l e a n hands" s eal s th e l a r g e i n s i d e bag c o n t a i n i n g thec o l l a r , p o l e , and cord and p l a c e s the bag in to a l a r g e outer bag h e l d by" d i r t y hands." "Dirty hands" s ea l s the o u t s i d e bag and p l a c e s the d o u b l e -

bagged s a m p l i n g device into the equipment s torage box.
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8.2.6.10 D o c u m e n t a t i o n — A f t e r each s a m p l e is c o l l e c t e d , the s a m p l e number isdocument ed in the s a m p l i n g l o g , and any unusual o b s e r v a t i o n sconcerning the s a m p l e and the s a m p l i n g are documented.
8.2.6.11 If the s a m p l e i s to be a n a l y z e d for d i s s o l v e d m e t a l s , i t i s f i l t e r e d inaccordance with the pro c edure s described in S e c t i o n 8.3.

8.2.7 Depth s a m p l i n g using a jar s a m p l i n g device ( F i g u r e 3 and S e c t i o n 6.5.1)
8.2.7.1 The s a m p l i n g team p u t s on g l o v e s (and wind s u i t s , i f a p p l i c a b l e ) andhandl e s b o t t l e s as with manual c o l l e c t i on ( S e c t i o n s 8.2.5.1 through 8.2.5.4

and 8.2.5.6 through 8.2.5.7).
8.2.7.2 "Dirty hands" removes the jar s a m p l i n g device f r o m i t s s t o rage conta inerand opens the outer p o l y e t h y l e n e bag.
8.2.7.3 "Clean hands" opens the in s ide p o l y e t h y l e n e bag and removes the jars a m p l i n g a p p a r a t u s . I d e a l l y , t h e s a m p l i n g dev i c e w i l l have beenprea s s embled in a class 100 clean room at the l a b o r a t o r y . If, however, itis necessary to a s s emble the device in the f i e l d , "clean hands" mustp e r f o r m thi s op era t i on , described in S e c t i o n 6.5.2, in s ide a f i e l d - p o r t a b l eglove bag ( S e c t i o n 6.6).
8.2.7.4 W h i l e "dir ty hands" i s h o l d i n g the jar s a m p l i n g a p p a r a t u s , "clean hands"connects the p u m p to the to the 1/4 in. o.d. f l u s h l ine.
8.2.7.5 "Dirty hands" lowers the weighted s a m p l e r to the des ired d e p t h .
8.2.7.6 "Dirty hands" turns on the p u m p a l l o w i n g a l a r g e volume (>2 L) of waterto pass through the system.
8.2.7.7 A f t e r s t o p p i n g t h e p u m p , " d i r t y hands" p u l l s u p t h e l i n e , t u b i n g , a n ddevice and p l a c e s them into e i ther a f i e l d - p o r t a b l e g l o v e bag or a l a r g e ,clean p l a s t i c bag as they emerge.
8.2.7.8 Both "clean hands" and "dir ty hands" change gloves .
8.2.7.9 U s i n g the t e chnique de s cr ibed in S e c t i o n s 8.2.5.2 t h r o u g h 8.2.5.4, thes a m p l i n g team removes a s a m p l e b o t t l e f r o m s t o r a g e , and "clean hands"p l a c e s the b o t t l e into the glove bag.
8.2.7.10 "Clean hands" t i p s th e s a m p l i n g jar and d i s p e n s e s th e s a m p l e t h r o u g hthe short l e n g t h o f f l u o r o p o l y m e r tub ing into the s a m p l e b o t t l e .
8.2.7.11 Once the b o t t l e i s f i l l e d , "clean hands" r e p l a c e s the cap o f the b o t t l e ,returns the b o t t l e t o the i n s i d e p o l y e t h y l e n e bag, and z i p s the bag."Clean hands" re turns the z i p p e d bag to the o u t s i d e p o l y e t h y l e n e bagheld by " d i r t y hands."
8.2.7.12 "Dirty hands" z i p s the o u t s i d e bag. If the s a m p l e i s t o be a n a l y z e d ford i s s o l v e d m e t a l s , it is f i l t e r e d as de scr ibed in S e c t i o n 8.3.
8.2.7.13 D o c u m e n t a t i o n — A f t e r each s a m p l e i s c o l l e c t e d , the s a m p l e number i sd o c u m e n t e d in the s a m p l i n g l o g , and any u n u s u a l o b s e r v a t i o n sconcerning the s a m p l e and the s a m p l i n g are do cument ed .
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8.2.8 C o n t i n u o u s - f l o w s a m p l i n g ( F i g u r e 4 and S e c t i o n 6 . 5 . 2 ) — T h e c o n t i n u o u s - f l o ws a m p l i n g system uses p e r i s t a l t i c p u m p ( S e c t i o n 6.15) t o p u m p s a m p l e t o th eboat or to shore through the S E B S - r e s i n or PTFE tubing.
8.2.8.1 Before p u t t i n g on wind suits or g love s , the s a m p l i n g team removes thebag s c o n t a i n i n g t h e p u m p ( S e c t i o n 6 . 1 5 ) , S E B S - r e s i n t u b i n g( S e c t i o n 6.15.2), b a t t e r i e s ( S e c t i o n 6.15.4), g l ove s ( S e c t i o n 6.7), p l a s t i cwrap ( S e c t i o n 6.9), wind su i t s ( S e c t i o n 6.12), and, if s a m p l e s are to be

f i l t e r e d , the f i l t r a t i o n a p p a r a t u s ( S e c t i o n 6.14) f r o m the coolers or s t o rag econtainers in which they are packed.
8.2.8.2 "Clean hands" and "dirty hands" put on the wind su i t s and PVC g l o v e s( S e c t i o n 6.7.2).
8.2.8.3 "Dirty hands" removes the p u m p f r o m its s t orage bag, and opens the bagcontaining the SEBS-re s in tubing.
8.2.8.4 "Clean hands" i n s t a l l s the tub ing while " d i r t y hands" h o l d s the p u m p ."Clean hands" immerses the inlet end of the tubing in the s a m p l e stream.
8.2.8.5 Both "clean hands" and "dirty hands" change gloves . "Clean hands" a l s op u t s on shoulder l e n g t h p o l y e t h y l e n e gloves ( S e c t i o n 6.7.1).
8.2.8.6 "Dirty hands" turns the p u m p on and a l l o w s the p u m p to run for5-10 minutes or longer to purge the p u m p and tubing.
8.2.8.7 If the s a m p l e is to be f i l t e r e d , "clean hands" i n s t a l l s the f i l t e r at the end ofthe tubing, and "dir ty hands" sets up the f i l t e r h o l d e r on the g u n w a l e as

shown in Figure 4.
NOTE: The filtration apparatus is not attached until immediately before sampling to prevent____buildup of particulates from clogging the filter.___________________________

8.2.8.8 The s a m p l e is c o l l e c t e d by r ins ing the s a m p l e b o t t l e and cap three t imesand c o l l e c t i n g the s a m p l e f r o m the f l o w i n g stream.
8.2.8.9 D o c u m e n t a t i o n — A f t e r each s a m p l e i s c o l l e c t e d , the s a m p l e number isdocumented in the s a m p l i n g log , and any unusual observations concerningthe s a m p l e and the s a m p l i n g are documented.

8 . 3 S a m p l e F i l t r a t i o n — T h e f i l t r a t i o n pro c edure de s cr ib ed be low i s used f o r s a m p l e sc o l l e c t e d using the manual ( S e c t i o n 8.2.5), grab ( S e c t i o n 8.2.6), or jar ( S e c t i o n 8.2.7)c o l l e c t i o n systems ( R e f e r e n c e 7). I n - l i n e f i l t r a t i o n us ing the c o n t i n u o u s - f l o w a p p r o a c h i sdescribed in S e c t i o n 8.2.8.7. Because of the risk of c o n t a m i n a t i o n , it is recommendedthat s a m p l e s for mercury be s h i p p e d u n f i l t e r e d by overnigh t courier and f i l t e r e d whenreceived at the labora tory.
8.3.1 Set up the f i l t r a t i o n system ins ide the g love bag, using the shor t e s t p i e c e of p u m pt u b i n g a s i s p r a c t i c a b l e . P l a c e the p e r i s t a l t i c p u m p i m m e d i a t e l y o u t s i d e o f theglove bag and poke a smal l hole in the g love bag for p a s s a g e of the t u b i n g . A l s o ,at tach a short l e n g t h o f t u b i n g to the o u t l e t o f the c a p s u l e f i l t er .
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8.3.2 "Clean hands" removes the water s a m p l e f r o m the inner s t orage bag us ing thetechnique described in S e c t i o n s 8.2.5.2 through 8.2.5.4 and p l a c e s the s a m p l einside the glove bag. "Clean hands" also p la c e s two clean e m p t y s a m p l e b o t t l e s ,a b o t t l e containing reagent water, and a b o t t l e for waste in the glove bag.
8.3.3 "Clean hands" removes the lid of the reagent water b o t t l e and p l a c e s the end ofthe pump tubing in the bo t t l e .
8.3.4 "Dirty hands" s t a r t s the p u m p and pa s s e s a p p r o x i m a t e l y 200 mL of reagentwater through the tub ing and f i l t e r into the waste b o t t l e . "Clean hands" thenmoves the ou t l e t tubing to a clean b o t t l e and c o l l e c t s the remaining reagent wateras a blank. "Dirty hands" s t o p s the pump.
8.3.5 "Clean hands" removes the lid of the s a m p l e b o t t l e and p l a c e s the in take end ofthe tubing in the b o t t l e .
8.3.6 "Dirty hands" s t a r t s the p u m p and pas s e s a p p r o x i m a t e l y 50 mL t h r o u g h thetubing and f i l t e r into the remaining clean s a m p l e b o t t l e and then s t o p s the p u m p ."Clean hands" uses the f i l t r a t e to rinse the b o t t l e , d i s c a r d s the waste s a m p l e , andreturns the out l e t tube to the s a m p l e b o t t l e .
8.3.7 "Dirty hands" s tar t s the p u m p and the remaining s a m p l e is processed t h r o u g ht h e f i l t e r and c o l l e c t e d in th e s a m p l e b o t t l e . If p r e s e r v a t i o n i s r equ ir ed , th es a m p l e is a c i d i f i e d at this po int ( S e c t i o n 8.4). —
8.3.8 "Clean hands" r ep la c e s the lid on the b o t t l e , returns the b o t t l e to the i n s i d e bag,and z i p s the bag. "Clean hands" then p l a c e s the z i p p e d bag into the outer bagheld by "dirty hands."
8.3.9 "Dirty hands" z ip s the outer bag, and p l a c e s the d o u b l e - b a g g e d s a m p l e b o t t l einto a clean, i c e - f i l l e d cooler for immediate sh ipment to the l abora t ory .
NOTE: It is not advisable to redeem and reuse filters. The difficulty and risk associated with____fai l ing to properly clean these devices far outweighs the cost of purchasing a new filter._____

8.4 Preservation
8.4.1 F i e l d pre servat ion i s not necessary for d i s s o l v e d m e t a l s , e x c ep t for t r i v a l e n t andhexaval ent chromium, p r o v i d e d tha t the s a m p l e is preserved in the l a b o r a t o r y

and a l l owed to stand for at l ea s t two days to a l l o w the m e t a l s adsorbed to thecontainer w a l l s t o r e d i s s o l v e . F i e l d p r e s e r v a t i o n i s a d v i s e d f o r h e x a v a l e n tchromium in order to p r o v i d e s a m p l e s t a b i l i t y for up to 30 d a y s . M e r c u r ys ampl e s should be s h i p p e d by overnight courier and preserved when received atthe labora tory.
8.4.2 If f i e l d pre s ervat ion i s required, pre s ervat ion must be p e r f o r m e d in the g l o v e bagor in a d e s i g n a t e d c lean area, w i t h g l o v e d h a n d s , as r a p i d l y as p o s s i b l e to

p r e c l u d e p a r t i c u l a t e s f r o m c o n t a m i n a t i n g t h e s a m p l e . F o r p r e s e r v a t i o n o ft r iva l en t chromium, the g love bag or d e s i g n a t e d clean area must be l a r g e enoughto accommodate the vacuum f i l t r a t i o n a p p a r a t u s ( S e c t i o n 6.17.3), and an areashould b e a v a i l a b l e f o r s e t t i n g up th e wr i s t -ac t i on shaker ( S e c t i o n 6.17.5). It i salso a d v i s a b l e to set up a work area that contains a "clean" cooler for s t o rag e ofclean e q u i p m e n t , a "dirty" coo l er for s t orage of "dir ty" e q u i p m e n t , and a t h i r dcooler to store s a m p l e s for s h ipment to the l abora t ory .
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8.4.3 P r e s e r v a t i o n o f a l i q u o t s f or m e t a l s o ther than t r i v a l e n t and h e x a v a l e n tc h r o m i u m — U s i n g a d i s p o s a b l e , p r e c l e a n e d , p l a s t i c p i p e t , add 5 mL of a 10%so lu t ion of u l t r a p u r e nitric acid in reagent water per l i t e r of s a m p l e . T h i s w i l l bes u f f i c i e n t to preserve a neutral s a m p l e to pH <2.
8.4.4 Preservation of a l iquo t s for tr ival ent chromium ( R e f e r e n c e s 8-9).

8.4.4.1 Decant 100 mL of the s a m p l e into a clean p o l y e t h y l e n e b o t t l e .
8.4.4.2 Clean an E p p e n d o r f p i p e t by p i p e t i n g 1 mL of 10% HC1 ( S e c t i o n (7.4.4)f o l l o w e d by 1 mL of reagent water into an acid waste container. Use therinsed p i p e t t o a d d 1 m L o f chromium ( I I I ) e x t r a c t i o n s o l u t i o n ( S e c t i o n

7.4.3) to each s a m p l e and blank.
8.4.4.3 Cap each bo t t l e t i g h t l y , p l a c e in a clean p o l y e t h y l e n e bag, and shake on awrist action shaker ( S e c t i o n 6.17.5) for one hour.
8.4.4.4 V a c u u m - f i l t e r the p r e c i p i t a t e through a 0.4 um pr e t r ea t ed f i l t e r membrane( S e c t i o n 6.17.2), using f l u o r o p o l y m e r f o r c e p s ( S e c t i o n 6.17.1) t o h a n d l ethe membrane, and a 47 mm vacuum f i l t r a t i o n a p p a r a t u s w i t h apre c l eaned f i l t e r h o l d e r ( S e c t i o n 6.17.3). A f t e r a l l s a m p l e h a s f i l t e r e d ,rinse the in s ide of the f i l t e r h o l d e r w i th a p p r o x i m a t e l y 15 mL of reagentwater.
8.4.4.5 U s i n g the f l u o r o p o l y m e r f o r c e p s , f o l d the membrane in h a l f and then in

quarters, t ak ing care to avoid touch ing the s ide c o n t a i n i n g the f i l t r a t e toany sur fac e . ( F o l d i n g i s done whi l e the membrane is s i t t i n g on the f i l t e rho ld er and a l l o w s easy p lacement of the membrane into the s a m p l e v i a l ) .T r a n s f e r the f i l t e r t o a 30 mL f l u o r o p o l y m e r v ia l . If the f l u o r o p o l y m e rvial was not p r e - e q u i p p e d wi th the u l t r a p u r e n i t r i c acid ( S e c t i o n 7.4.1),rinse the p i p e t by drawing and d i s c h a r g i n g 1 mL of 10% HC1 f o l l o w e d by
1 mL of reagent water into a waste container, and add 1 mL of u l t r a p u r enitric acid to the s a m p l e vial.

8.4.4.6 Cap the vial and doub l e-bag it for s h ipment to the l a b o r a t o r y .
8.4.4.7 Repeat S t e p s 8.4.4.4-8.4.4.6 for each s a m p l e , r in s ing the f l u o r o p o l y m e rf o r c e p s and the p i p e t w i th 10% h i g h - p u r i t y HC1 f o l l o w e d by reagentwater between sample s .

8.4.5 Preservation of a l i q u o t s for h exaval en t chromium ( R e f e r e n c e 20).
8.4.5.1 Decant 125 mL of s a m p l e in to a c lean p o l y e t h y l e n e b o t t l e .
8.4.5.2 Prepare an E p p e n d o r f p i p e t by p i p e t i n g 1 mL of 10% HC1 ( S e c t i o n 7.4.4)f o l l o w e d by 1 mL of reagent water into an acid waste conta iner . Use the

rinsed p i p e t to add 1 mL N a O H to each 125 mL s a m p l e and b l a n ka l i q u o t .
8.4.5.3 Cap the v i a l ( s ) and d o u b l e - b a g for s h i p m e n t to the l a b o r a t o r y .
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9.0 Q u a l i t y A s s u r a n c e / Q u a l i t y Contro l
9 .1 The s a m p l i n g team s h a l l e m p l o y a s t r i c t q u a l i t y as surance/ q u a l i t y control ( Q A / Q C )program. The minimum requirements of this program inc lude the co l l e c t ion of equipmentb lank s , f i e l d b lanks , and f i e l d r e p l i c a t e s . It i s a l so d e s i r a b l e t o i n c l u d e b l i n d QCs a m p l e s a s part o f the program. If s a m p l e s w i l l b e proces sed for t r i v a l e n t chromiumd e t e r m i n a t i o n s , t h e s a m p l i n g team s h a l l a l s o p r e p a r e method b l a n k , OPR, andMS/MSD s a m p l e s as described in Sec t ion 9.6.
9.2 The s a m p l i n g team is p e r m i t t e d to m o d i f y the s a m p l i n g techniques de s cr ibed in t h i smethod to improve p e r f o r m a n c e or reduce s a m p l i n g cost s , p r o v i d e d t h a t r e l i a b l eanalyse s of s a m p l e s are obtained and that s a m p l e s and b lanks are not c o n t a m i n a t e d .Each time a m o d i f i c a t i o n is made to the proc edure s , the s a m p l i n g team is required tod e m o n s t r a t e tha t the m o d i f i c a t i o n does not r e su l t in c o n t a m i n a t i o n o f f i e l d andequipment blanks. The requirements for m o d i f i c a t i o n are given in S e c t i o n s 9.3 and 9.4.Because the a c c e p t a b i l i t y of a m o d i f i c a t i o n is based on the r e s u l t s o b ta ined wi th them o d i f i c a t i o n , the s a m p l i n g team must work with an a n a l y t i c a l l a b o r a t o r y c a p a b l e o fmaking trace metal s de t erminat ions to demonstrate equivalence.
9.3 Equipment Blanks

9.3.1 Before using any s a m p l i n g equipment at a given s i t e , the l a b o r a t o r y or equ ipmentcleaning contractor is required to generate equipment b l a n k s to d e m o n s t r a t e t ha t
the equipment i s f r e e f r o m contamination. Two t y p e s o f equ ipment b l a n k s arerequired: bo t t l e blanks and s a m p l i n g equipment blanks.

9.3.2 Equipment blanks must be run on all equipment that w i l l be used in the f i e l d . If,for e x a m p l e , s a m p l e s are to be c o l l e c t e d us ing both a grab s a m p l i n g device andthe jar s a m p l i n g device, then an equipment b lank must be run on bo th piece s ofequipment.
9.3.3 Equipment blanks are generated in the l abora t ory or at the equipment c l e a n i n gc o n t r a c t o r ' s f a c i l i t y by proce s s ing reagent water through the equ ipment using thesame procedures that are used in the f i e l d ( S e c t i o n 8.0). T h e r e f o r e , the "cleanh a n d s / d i r t y hands" technique used d u r i n g f i e l d s a m p l i n g s h o u l d b e f o l l o w e dwhen p r e p a r i n g equ ipment b lank s a t th e l a b o r a t o r y or c l e a n i n g f a c i l i t y . In

a d d i t i o n , t r a i n i n g programs must require must require s a m p l i n g p er s onne l toc o l l e c t a clean equipment b lank b e f o r e p e r f o r m i n g on-site f i e l d a c t i v i t i e s .
9.3.4 Detai l ed procedures for c o l l e c t i n g equ ipment b lanks are given in the a n a l y t i c a lmethods re f erenced in T a b l e 1.
9.3.5 The equ ipment b l a n k must be a n a l y z e d using the p r o c e d u r e s d e t a i l e d in ther e f e r en c ed a n a l y t i c a l method (see T a b l e 1 ) . I f a n y m e t a l ( s ) o f i n t e r e s t o r a n yp o t e n t i a l l y i n t e r f e r i n g s ub s tanc e i s d e t e c t e d in th e e q u i p m e n t b l a n k a t th eminimum l e v e l s p e c i f i e d i n t h e r e f e r e n c e d m e t h o d , t h e source o fc o n t a m i n a t i o n / i n t e r f e r e n c e must b e i d e n t i f i e d and removed. The e q u i p m e n tmust be d e m o n s t r a t e d to be f r e e f r o m the m e t a l ( s ) o f i n t e r e s t b e f o r e theequipment may be used in the f i e l d .

9.4 Field Blank
9.4.1 T o d e m o n s t r a t e t h a t s a m p l e c o n t a m i n a t i o n h a s n o t occurred d u r i n g f i e l ds a m p l i n g and s a m p l e p r o c e s s i n g , at l ea s t one f i e l d b l a n k must be g enera t ed for
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every 10 s a m p l e s tha t are c o l l e c t e d at a given site. Field b lank s are c o l l e c t e db e f o r e s a m p l e co l l e c t ion.
9.4.2 Field blanks are generated by f i l l i n g a large carboy or other a p p r o p r i a t e containerwith reagent water ( S e c t i o n 7.1) in th e l a b o r a t o r y , t r a n s p o r t i n g th e f i l l e dcontainer to the s a m p l i n g s i te , proc e s s ing the water through each of the s a m p l eproces s ing s t e p s and equipment (e.g., tubing, s a m p l i n g devices , f i l t e r s , e t c .) thatwi l l be used in the f i e l d , c o l l e c t i n g the f i e l d b l ank in one of the s a m p l e b o t t l e s ,and s h i p p i n g the b o t t l e to the l a b o r a t o r y for a n a l y s i s in accordance wi th them e t h o d ( s ) referenced in T a b l e 1. For e x a m p l e , manual grab s a m p l e r f i e l d b l ank sare c o l l e c t e d by d i r e c t l y submerging a s a m p l e b o t t l e into the water, f i l l ing theb o t t l e , and c a p p i n g . S u b s u r f a c e s a m p l e r f i e l d b lanks are c o l l e c t e d by immers ingthe tubing into the water and p u m p i n g water into a s a m p l e container.
9.4.3 F i l t e r the f i e l d blanks using the procedures described in S e c t i o n 8.3.
9.4.4 If it is necessary to acid clean the s a m p l i n g equipment between s a m p l e s ( S e c t i o n10.0), a f i e l d blank should be c o l l e c t e d a f t e r the c l eaning p r o c e d u r e s but b e f o r ethe next s ampl e is c o l l e c t e d .
9.4.5 If t r iva l en t chromium a l i q u o t s are proc e s s ed , a s e p a r a t e f i e l d b l a n k must bec o l l e c t e d and proce s s ed t h r o u g h the s a m p l e p r e p a r a t i o n s t e p s g iven inSect i on s 8.4.4.1 through 8.4.4.6.

9.5 F i e l d D u p l i c a t e
9.5.1 To assess the prec i s ion of the f i e l d s a m p l i n g and a n a l y t i c a l proces se s , at l e a s tone f i e l d d u p l i c a t e s a m p l e must be c o l l e c t e d for every 10 s a m p l e s t h a t arec o l l e c t ed at a given site.
9.5.2 The f i e l d d u p l i c a t e i s c o l l e c t e d e i ther by s p l i t t i n g a l a r g e r volume in t o twoa l i q u o t s in the g l ove box, by us ing a s a m p l e r wi th d u a l i n l e t s t h a t a l l o w ss imul taneou s c o l l e c t i o n of two s a m p l e s , or by c o l l e c t i n g two s a m p l e s in r a p i dsuccession.
9.5.3 F i e l d d u p l i c a t e s for d i s s o lv ed meta l s de t erminat ions must be processed using theproc edure s in S e c t i o n 8.3. F i e l d d u p l i c a t e s for t r i v a l e n t chromium must beprocessed through the s a m p l e p r e p a r a t i o n s t e p s given in S e c t i o n s 8.4.4.1 through

8.4.4.6.
9.6 A d d i t i o n a l QC for C o l l e c t i o n of T r i v a l e n t Chromium A l i q u o t s

9.6.1 Method b l a n k — T h e s a m p l i n g team must p r e p a r e one method b l a n k for every tenor f e w e r f i e l d s a m p l e s . Each method b l a n k i s p r e p a r e d u s i n g the s t e p s inS e c t i o n s 8.4.4.1 t h r o u g h 8.4.4.6 on a 100 mL a l i q u o t of r e a g e n t w a t e r( S e c t i o n 7.1). Do not use the p r o c e d u r e s in S e c t i o n 8.3 to proce s s the methodb l a n k t h r o u g h th e 0.45 (im f i l t e r ( S e c t i o n 6 .14.1), even i f s a m p l e s ar e b e i n gc o l l e c t e d f o r d i s s o l v e d m e t a l s d e t e r m i n a t i o n s .
9.6.2 Ongoing prec i s ion and recovery ( O P R ) — T h e s a m p l i n g team must p r e p a r e oneOPR for every ten or f e w e r f i e l d s a m p l e s . The OPR is p r e p a r e d u s ing the s t e p sin S e c t i o n s 8.4.4.1 through 8.4.4.6 on the OPR s t a n d a r d ( S e c t i o n 7.4.7). Do notuse the proc edure s in S e c t i o n 8.3 to proce s s the OPR t h r o u g h the 0.45 um filter

( S e c t i o n 6.14.1), even i f s a m p l e s a r e b e i n g c o l l e c t e d f o r d i s s o l v e d m e t a l sde terminations.
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9.6.3 M S / M S D — T h e s a m p l i n g team must p r e p a r e one MS and one MSD for every tenor f e w e r f i e l d s ampl e s .
9.6.3.1 If, through h i s t or i ca l d a t a , t h e background concentrat ion o f t h e s a m p l ecan be e s t imat ed , the MS and MSD s a m p l e s should be s p ik ed at a l eve lof one to f i v e times the background concentration.
9.6.3.2 For s a m p l e s in which the background concentration is unknown, the MSand MSD sampl e s shou ld be s p ik ed at a concentrat ion of 25 |Jg/L.
9.6.3.3 Prepare the matrix s p i k e s a m p l e by s p i k i n g a 100-mL a l i q u o t of s a m p l ewith 2.5 mL of the s tandard chromium s p i k e s o l u t i o n ( S e c t i o n 7.4.6), and

proce s s ing the MS through the s t e p s in Sec t i on s 8.4.4.1 through 8.4.4.6.
9.6.3.4 Prepar e the matrix s p i k e d u p l i c a t e s a m p l e by s p i k i n g a second 100-mLaliquot of the same s a m p l e with 2.5 mL of the s t a n d a r d chromium s p i k es o l u t i o n , and proc e s s ing the MSD through the s t e p s in S e c t i o n s 8.4.4.1

through 8.4.4.6.
9.6.3.5 I f f i e l d s a m p l e s a r e c o l l e c t e d f o r d i s s o l v e d m e t a l s d e t e r m i n a t i o n s , i t i snecessary to process an MS and an MSD through the 0.45 um filter as

described in Sec t ion 8.3.
10.0 Rec l ean ing the A p p a r a t u s Between S a m p l e s
10.1 S a m p l i n g a c t i v i t y should be p lanned so that s a m p l e s known or su sp e c t ed to contain thelowest concentrat ions of trace m e t a l s are c o l l e c t e d f i r s t w i th the s a m p l e s known orsu sp e c t ed to contain the h ighe s t concentrat ions o f trace m e t a l s c o l l e c t e d l a s t . In t h i smanner, cleaning of the s a m p l i n g equipment between s a m p l e s in unnecessary. If it is notp o s s i b l e to p l a n s a m p l i n g a c t iv i ty in this manner, d e d i c a t e d s a m p l i n g equipment s hou ldbe provided for each s a m p l i n g event.
10.2 If s a m p l e s are c o l l e c t e d f r o m a d j a c e n t s i te s (e.g., i m m e d i a t e l y up s t r eam or d o w n s t r e a m ) ,rinsing of the s a m p l i n g A p p a r a t u s wi th water that is to be s a m p l e d shou ld be s u f f i c i e n t .
10.3 If it is necessary to cross a g r a d i e n t (i.e., go ing f r o m a h i g h - c o n c e n t r a t i o n s a m p l e to al ow-concentra t ion s a m p l e ) , such as might occur when c o l l e c t i n g at a second s i t e , thef o l l o w i n g procedure may be used to clean the s a m p l i n g equipment between s a m p l e s :

10.3.1 In the g l ove bag, and u s ing the "clean h a n d s / d i r t y hands" p r o c e d u r e inS e c t i o n 8.2.5, proce s s t h e d i l u t e n i t r i c acid s o l u t i o n ( S e c t i o n 7 .2) t h r o u g h th e
A p p a r a t u s .

10.3.2 Dump the spent d i l u t e acid in the waste carboy or in the w a t e r b o d y away f r o mthe s a m p l i n g po in t .
10.3.3 Process 1 L of reagent water t h r o u g h the A p p a r a t u s to rinse the e q u i p m e n t anddiscard the sp en t water.
10.3.4 C o l l e c t a f i e l d b l a n k as de s cr ibed in S e c t i o n 9.4.
10.3.5 Rinse the A p p a r a t u s w i th c op i ou s amounts o f the ambient wat er s a m p l e andproceed with s a m p l e c o l l e c t i o n .
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10.4 Procedures for recleaning t r iva l en t chromium pre s ervat ion equipment between s a m p l e sare described in Sec t i on 8.4.4.
11.0 Method P e r f o r m a n c e

S a m p l e s were c o l l e c t e d in the Great Lakes dur ing Sept ember-October 1994 us ing theprocedures in this s a m p l i n g method.
12.0 P o l l u t i o n Prevention
12.1 The only mater ia l s used in thi s method that could be considered p o l l u t a n t s are the ac id sused in the c l eaning of the A p p a r a t u s , the boat, and r e la t ed m a t e r i a l s . T h e s e a c id s areused in d i l u t e so lut ions in small amounts and pose l i t t l e threat to the environment whenmanaged p r o p e r l y .
12.2 Cleaning so lu t ions c on ta in ing acids should be pr epared in volumes con s i s t en t wi th useto minimize the d i s p o s a l of excessive volumes of acid.
12.3 To the ex t ent p o s s i b l e , the A p p a r a t u s used to c o l l e c t s a m p l e s s h o u l d be c l eaned andreused to minimize the generation of so l id waste.
13.0 W a s t e Management
13.1 I t i s t h e s a m p l i n g t e a m ' s r e s p o n s i b i l i t y t o c o m p l y wi th a l l f e d e r a l , s t a t e , a n d l o ca lr e g u l a t i o n s governing waste management , p a r t i c u l a r l y t h e d i s c h a r g e r e g u l a t i o n s ,hazardous waste i d e n t i f i c a t i o n rules , and land d i s p o s a l r e s t r i c t i o n s ; and to p r o t e c t theair, water, and land by minimizing and c o n t r o l l i n g all releases f r o m f i e l d op era t i on s .

-13.2 For f u r t h e r in f o rmat i on on waste management, consult The Waste Management Manual forLaboratory Personnel and Less is Better—Laboratory Chemical Management for Waste
Reduction, a v a i l a b l e f r o m t h e American Chemical S o c i e t y ' s Depar tmen t o f GovernmentRelat i on s and Science P o l i c y , 1155 16th S t r e e t NW, W a s h i n g t o n , DC 20036.
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21. Methods 1624 and 1625, 40 CFR Part 136, A p p e n d i x A.
15.0 G l o s s a r y of D e f i n i t i o n s and Purpo s e s

T h e s e d e f i n i t i o n s and p u r p o s e s are s p e c i f i c to t h i s s a m p l i n g method but have beenconformed to common usage as much as po s s ib l e .
15.1 Ambient W a t e r — W a t e r s in the natural environment (e.g., rivers, lake s , s treams, andother receiving waters), as o p p o s e d to e f f l u e n t d i s charges .
15.2 A p p a r a t u s — T h e s ampl e container and other containers , f i l t e r s , f i l t e r h o l d e r s , labware ,tubing, p i p e t s , and other m a t e r i a l s and devices used for s a m p l e c o l l e c t i o n or s a m p l ep r e p a r a t i o n , and that wi l l contact s a m p l e s , b lanks , or a n a l y t i c a l s t a n d a r d s .
15.3 Equipment B l a n k — A n a l iquo t of reagent water that is s u b j e c t e d in the l a b o r a t o r y to alla sp e c t s o f s a m p l e c o l l e c t i o n and ana ly s i s , i n c l u d i n g contact with a l l s a m p l i n g device sand a p p a r a t u s . The p u r p o s e of the equipment b lank i s to d e t e rmine i f the s a m p l i n gdevices and a p p a r a t u s for s a m p l e c o l l e c t i on have been a d e q u a t e l y c l eaned b e f o r e t h eyare s h i p p e d to the f i e l d site. An a c c e p t a b l e equipment b lank must be achieved b e f o r ethe s a m p l i n g devices and A p p a r a t u s are used for s a m p l e c o l l e c t i on .
15.4 F i e l d B l a n k — A n al iquot of reagent water that is p l a c e d in a s a m p l e conta iner in thel abora t ory , s h i p p e d to the f i e l d , and t r ea t ed as a s a m p l e in al l r e s p e c t s , i n c l u d i n gcontact with the s a m p l i n g devices and expo sure to s a m p l i n g s i te c o n d i t i o n s , f i l t r a t i o n ,s torage, preservation, and al l a n a l y t i c a l procedures . The p u r p o s e o f the f i e l d b l a n k i s todetermine whether the f i e l d or s a m p l e t r a n s p o r t i n g proc edure s and environments havecontaminated the sample .
15.5 F i e l d D u p l i c a t e s ( F D 1 a n d F D 2 ) — T w o i d e n t i c a l a l i q u o t s o f a s a m p l e c o l l e c t e d i ns epara t e s a m p l e b o t t l e s at the same time and p l a c e under i d e n t i c a l c ircumstances u s inga duel inlet s a m p l e r or by s p l i t t i n g a l a r g e r a l iquo t and treat ed e x a c t l y the same

throughout f i e l d and l a b o r a t o r y procedures. A n a l y s e s o f FD1 and FD2 give a measureof the preci s ion associated with s a m p l e c o l l e c t i o n , p r e s e r v a t i o n , and s t orage , as we l l aswith labora tory procedures.
15.6 M a t r i x S p i k e ( M S ) a n d M a t r i x S p i k e D u p l i c a t e ( M S D ) — A l i q u o t s o f a n e n v i r o n m e n t a l

s a m p l e to which known q u a n t i t i e s of the a n a l y t e s are a d d e d in the l a b o r a t o r y . The MSand MSD are analyzed e x a c t l y l ik e a s a m p l e . T h e i r p u r p o s e i s to q u a n t i f y the bias andprec i s ion caused by the s a m p l e matrix. The background conc en tra t i on s o f the a n a l y t e sin the s a m p l e matrix must be determined in a s e p a r a t e a l i q u o t and the measured va lu e s
in the MS and MSD corrected for background concentrations.

15.7 M a y — T h i s act ion, a c t i v i t y , or pro c edura l s t e p i s o p t i o n a l .
15.8 May N o t — T h i s action, a c t i v i t y , or pro c edura l s t e p i s p r o h i b i t e d .
15.9 M i n i m u m Level (ML)—The l owe s t l eve l a t which the ent ire a n a l y t i c a l s y s t e m g iv e s arecognizable signal and a c c e p t a b l e c a l i b r a t i o n p o i n t ( R e f e r e n c e 2 1 ) .
15.10 M u s t — T h i s action, a c t i v i t y , or p r o c e d u r a l s t e p i s required.
15.11 Reagent W a t e r — W a t e r d e m o n s t r a t e d t o b e f r e e f r o m th e m e t a l ( s ) o f i n t e r e s t andp o t e n t i a l l y i n t e r f e r i n g subs tances at the MDL for that metal in the r e f e r enc ed method or

a d d i t i o n a l method.
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15.12 S h o u l d — T h i s action, ac t iv i ty , or pro c edura l s t e p is sugge s t ed but not required.
15.13 T r a c e - M e t a l G r a d e — R e a g e n t s that have been demons tra t ed to be f r e e f r o m the m e t a l ( s )of interest at the method d e t e c t i on l imi t (MDL) of the a n a l y t i c a l method to be used fordetermination of this m e t a l ( s ) .

The term "trace-metal grade" has been used in p l a c e of "reagent grade" or "reagent"because acids and other mater ia l s l a b e l e d "reagent grade" have been shown to c on ta inconcentrations of metal s that wi l l i n t e r f e r e in the d e t e r m i n a t i o n of trace m e t a l s at l e v e l sl i s t ed in T a b l e 1.

2 S / , / / ! / 2 9 9 6
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T A B L E 1 . A N A L Y T I C A L M E T H O D S , M E T A L S , A N D C O N C E N T R A T I O N L E V E L SA P P L I C A B L E T O M E T H O D 1669
M e t h o d

1631
1632
1636
1637

1638

1639

1640

T e c h n i q u e
Oxidation / P u r g e &
T r a p / C V A F S
H y d r i d e AA
Ion Chromatography
C C / S T G F A A

I C P / M S

S T G F A A

C C / I C P / M S

M e t a l
Mercury
Arsenic
H e x a v a l e n t
Chromium
Cadmium
Lead
Antimony
Cadmium
C o p p e r
Lead
Nicke l
Selenium
S i l v e r
T h a l l i u m
Zinc
Antimony
Cadmium
T r i v a l e n t
Chromium
N i c k e l
Selenium
Zinc
Cadmium
C o p p e r
Lead
N i c k e l

MDL (ug/L) i
0.0002
0.003
0.23
0.0075
0.036
0.0097
0.013
0.087
0.015
0.33
0.45
0.029
0.0079
0.14
1.9
0.023
0.1
0.65
0.83
0.14
0.0024
0.024
0.0081
0.029

M L ( f i g / L ) 2
0.0005
0.01
0.5
0.02
0.1
0.02
0.1
0.2
0.05
1
1
0.1
0.02
0.5
5
0.05
0.2
2
2 '
0.5
0.01
0.1
0.02
0.1

1 M e t h o d Detec t ion Limi t as de termined by 40 CFR Part 136, A p p e n d i x B.2 Minimum Level (ML) c a l c u l a t e d by m u l t i p l y i n g l abora t ory-de t e rmined MDL by 3.18 and
r o u n d i n g resul t to nearest m u l t i p l e of 1, 2, 5, 10, 20, 50, etc., in accordance wi th p r o c e d u r e sused by HAD and described in the EPA Draft National Guidance for the Permitting,
Monitoring, and Enforcement of Water Quality-Based Effluent Limitations Set Belozu AnalyticalDetection/Quantitation Levels, March 22, 1994.
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T A B L E 2 . A N A L Y T E S , P R E S E R V A T I O N R E Q U I R E M E N T S , A N D C O N T A I N E R S
M e t a l Preservat ion R e q u i r e m e n t s A c c e p t a b l e C o n t a i n e r s

AntimonyArsenicCadmiumC o p p e rLeadNicke lSeleniumS i l v e rT h a l l i u mZinc
Chromium(m)

Chromium( I V )

Mercury

Add 5 mL of 10% HN03 to 1-L
sample; preserve on-site orimmedia t e ly upon laboratoryrece ipt .

Add 1 mL chromium (III)
extract ion s o lu t i on to 100 mLal iquo t , vacuum f i l t e r through0.4 |im membrane, add 1 mL10% H N 0 3 ; preserve on-site
immedia t e ly a f t e r co l l e c t i on.
Add 50% N a O H ; preservei m m e d i a t e l y a f t e r s a m p l eco l l ec t ion.

T o t a l : Add 0.5% h i g h - p u r i t yHC1 or 0.5% BrCl to pH < 2;T o t a l & M e t h y l : Add 0.5%high-puri ty H C L ; preserve on-site or i m m e d i a t e l y uponl abora tory receipt_______

500 mL or 1 L f l u o r o p o l y m e r ,conventional or linear p o l y e t h y l e n e ,p o l y c a r b o n a t e , or p o l y p r o p y l e n econtainers with lid

500 mL or 1 L f l u o r o p o l y m e r ,
conventional or l inear p o l y e t h y l e n e ,po lycarbonat e , or p o l y p r o p y l e n econtainers with l id

500 mL or 1 L f l u o r o p o l y m e r ,
conventional or linear p o l y e t h y l e n e ,po lycarbona t e , or p o l y p r o p y l e n econtainers with lid
F l u o r o p o l y m e r or b o r o s i l i c a t e g l a s sb o t t l e s with f l u o r o p o l y m e r or
f l u o r o p o l y m e r - l i n e d cap s
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